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(54) Contact type area sensor and display device having contact type area sensor 



(57) A lightweight, thin, small size adhesion type ar- 
ea sensor is provided. A pixel of the area sensor has an 
EL element as a light source, and a photodiode as a 



photoelectric conversion element. A TFT is used with 
the adhesion type area sensor for controlling the oper- 
ation of the EL element and the photodiode. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an adhesion 
type (contact type) area sensor having an image sensor 
function. In particular, the present invention relates to 
an adhesion type area sensor having an EL element as 
a light source and structured by a plurality of thin film 
transistors arranged in a matrix shape. The EL element 
called a light emitting element or a light emitting diode 
or an OLED (Organic Light Emission Diode) includes tri- 
plet-based light emission element and/or singlet-based 
light emission element, for example. Further, the 
present invention relates to a display device combined 
with an adhesion type area sensor. 

2. Description of the Related Art 

[0002] Solid state imaging devices having a photoe- 
lectric conversion element such as a diode or a CCD for 
outputting an electric signal having image information 
from an optical signal having information such as char- 
acters and drawings on a page, and picture information 
have come to be used in recent years. The solid state 
imaging devices are used in devices such as scanners 
and digital cameras. 

[0003] There are line sensors and area sensors in sol- 
id state imaging devices having a photoelectric conver- 
sion element. A line sensor takes in an image as an elec- 
trical signal by scanning photoelectric conversion ele- 
ments formed in a linear shape over a subject. 
[0004] In contrast, an area sensor, also referred to as 
an adhesion type area sensor, has photoelectric con- 
version elements formed in a plane and arranged above 
a subject, and takes in an image as an electrical signal. 
It is not necessary to scan the photoelectric conversion 
elements with the area sensor, differing from the linear 
sensor, and therefore components such as a motor for 
scanning are unnecessary. 

[0005] Figs. 24A and 24B show a structure of a con- 
ventional area sensor. Shown in Fig. 24A is a perspec- 
tive view of the area sensor, while a cross sectional di- 
agram of the area sensor is shown in Fig. 248. A sensor 
substrate 2501 on which a photoelectric conversion el- 
ement is formed, a backlight 2502, and a light scattering 
plate 2503 are formed as shown in the figures. 
[0006] Light from the backlight 2502 as a light source 
is refracted within the light scattering plate 2503, and is 
irradiated to a subject 2504. The irradiated light is re- 
flected by the subject 2504, and is irradiated on a pho- 
toelectric conversion element formed on the sensor sub- 
strate 2501 . An electric current of a size corresponding 
to the brightness of the light is generated within the pho- 
toelectric conversion element when the light is irradiated 
to the photoelectric conversion element, and image in- 



formation from the subject 2504 is taken in as an elec- 
trical signal within the area sensor. 
[0007] If the light from the backlight 2502 is not irra- 
diated uniformly to the subject 2504 with the area sensor 

5 stated above, an irregularity develops in which the read 
in image becomes partially brighter and partially darker. 
It therefore becomes necessary to devise a structure of 
the light scattering plate 2503 is so that the light is irra- 
diated uniformly to the subject 2504, and to precisely 

10 regulate the position of the backlight 2502, the light scat- 
tering plate 2503, the sensor substrate 2501, and the 
subject 2504. 

[0008] Furthermore, suppression of the size of the 
backlight 2502 and the size of the light scattering plate 
15 2503 is difficult, and therefore making the area sensor 
itself smaller, thinner, and lighter is impeded. 

SUMMARY OF THE INVENTION 

20 [0009] In view of the above stated conditions, an ob- 
ject of the present Invention is to provide an adhesion 
type area sensor which is small in size, thin, and light- 
weight, and in which irregularities in brightness of a read 
in image do not develop. 
25 [001 0] The area sensor of the present invention uses 
a photodiode as a photoelectric conversion element. 
Further, an EL (electroluminescence) element is used 
as a light source. 

[0011] The photodiode herein has a cathode, an an- 
30 ode, and a photoelectric conversion layer formed be- 
tween the cathode and the anode. An electric current 
develops due to the photovoltaic effect when light is ir- 
radiated to the photoelectric conversion layer. 
[0012] Further, the EL element is a self-light emitting 
35 type element, and is mainly used in an EL display. The 
EL display is also referred to as an organic EL display 
(OELD) or an organic light emitting diode (OLED). 
[0013] The EL element has a structure in which a layer 
containing an organic compound (hereafter referred to 
40 as an EL layer) is sandwiched between a pair of elec- 
trodes (an anode and a cathode), and the EL layer nor- 
mally has a lamination structure. Typically, the lamina- 
tion structure of a hole transporting layer / light emitting 
layer / electron transporting layer, proposed by Tang, et 
45 al., of Eastman Kodak Co. is used. This structure has 
extremely high light emitting efficiency, and nearly all re- 
search and development Into EL displays at present em- 
ploys this structure. 

[0014] Electroluminescence generated by the appli- 
50 cation of an electric field is obtained in the EL element, 
which has an anode layer, an EL layer, and a cathode 
layer. There is emission of light in luminescence of the 
organic compound when returning to a base state from 
a singlet excitation state (fluorescence), and when re- 
55 turning to a base state from a triplet excitation state 
(phosphorescence), and the area sensor of the present 
invention may use both types of light emission. 
[001 5] Furthermore, a structure in which a hole inject- 
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ing layer, a hole transporting layer, a light emitting layer, 
and an electron transporting layer are laminated in order 
on an electrode; and a structure in which a hole injecting 
layer, a hole transporting layer, a light emitting layer, an 
electron transporting layer, and an electron injecting lay- 
er are laminated in order on an electrode may also be 
used. Doping of a material such as a fluorescent pig- 
ment into the light emitting layer may also be performed. 
[0016] All layers formed between one pair of elec- 
trodes are referred to generically as an EL layer within 
this specification. Therefore, the above stated hole in- 
jecting layer, hole transporting layer, light emitting layer, 
electron transporting layer, and electron injecting layer 
are all contained within the EL layer. 
[0017] Photodiodes and EL elements are formed In a 
matrix shape on the same sensor substrate. The oper- 
ation of the photodiodes and the EL elements is then 
controlled using thin film transistors (TFTs) formed on 
the substrate in the same matrix shape. 
[001 8] Light emitted from the EL elements Is reflected 
by a subject and irradiated to the photodiodes. An elec- 
tric current is generated in accordance with the light ir- 
radiated to the photodiodes, and an electrical signal 
having image information of the subject (image signal) 
is Input to the area sensor. 

[0019] No irregularities in the brightness of the read 
in image develop with the present invention because 
light is irradiated uniformly to the subject in accordance 
with the above structure. It is not necessary to form the 
backlight and the light scattering plate separately from 
the sensor substrate, and therefore it is also not neces- 
sary to precisely regulate the position of the backlight, 
the light scattering plate, the sensor substrate, and the 
subject, differing from the conventional example. A min- 
iaturized, thin, light area sensor can therefore be real- 
ized. Furthermore, the mechanical strength of the area 
sensor itself is increased. 

[0020] With the area sensor of the present invention 

it is possible to display an image by the area sensor us- 
ing the EL elements. The EL elements in the present 
invention possess a combination of a function as a light 
source when reading in an image, and a function as a 
lightsource for displaying an image. Displayof an image 
is therefore possible without forming a separate elec- 
tronic display in the area sensor. 
[0021] Structures of the present invention are shown 
below. 

[0022] According to the present invention there is pro- 
vided: 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asen- 
sor substrate, characterized in that: 
the plurality of pixels have a photodiode, an EL el- 
ement, and a plurality of thin film transistors. 

[0023] According to the present invention there is pro- 
vided: 



an adhesion type area sensor comprising a sensor 

portion, having a plurality of pixels, formed on asen- 

sor substrate, characterized in that: 

the plurality of pixels have a photodiode, an EL el- 
5 ement, a switching TFT, an EL driver TFT, a reset 

TFT, a buffer TFT, and a selection TFT; 

the switching TFT and the EL driver TFT control 

light emitted from the EL element; 

the light emitted from the EL element is reflected by 
10 a subject and irradiated to the photodiode; and 

the photodiode, the reset TFT, the buffer TFT, and 

the selection TFT generate an image signal from 

the light irradiated to the photodiode. 

15 [0024] According to the present invention there is pro- 
vided: 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on a sen- 
20 sor substrate, characterized in that: 

the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, a selection TFT; a source signal 
line; agate signal line; an electric power source sup- 
25 ply line for maintaining a constant electric potential; 
a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
tric current power supply; and a sensor electric pow- 
er source line for maintaining a constant electric po- 
30 tential; 

a gate electrode of the switching TFT is connected 
to the gate signal line; 

one of a source region and a drain region of the 
switching TFT is connected to the source signal 
35 line, and the other is connected to a gate electrode 
of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL 
40 element; 

a source region of the reset TFT is connected to the 
sensor electric power source line; 
a drain region of the reset TFT is connected to a 
gate electrode of the buffer TFT and to the photo- 
ns diode; 

a drain region of the buffer TFT is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 
50 ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT is connected 
to the sensor gate signal line; 
light emitted from the EL element is reflected by a 
55 subject and irradiated to the photodiode; and 

an image signal generated from the light irradiated 
to the photodiode is input to the sensor output wir- 
ing. 
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[0025] According to the present invention there is pro- 
vided: 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asub- 
strate, characterized in that: 
the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, a selection TFT; a source signal 
line; a gate signal line; an electric power source sup- 
ply line for maintaining a constant electric potential; 
a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
tric cu rrent power supply; and a sensor electric pow- 
er source line for maintaining a constant electric po- 
tential; 

a gate electrode of the switching TFT is connected 

to the gate signal line; 

one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to agate electrode 
of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL 
element; 

a source region of the reset TFT is connected to the 
sensor electric power source line; 
a drain region of the reset TFT is connected to a 
gate electrode of the buffer TFT and to the photo- 
diode; 

a drain region of the buffer TFT is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 
ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT is connected 

to the gate signal line; 

the polarity of the switching TFT and the selection 
TFT is the same; 

light emitted from the EL element is reflected by a 
subject and irradiated to the photodiode; and 
an image signal generated from the light irradiated 
to the photodiode is input to the sensor output wir- 
ing. 

[0026] According to the present invention there is pro- 
vided: 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asen- 
sor substrate, characterized in that: 
the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, a selection TFT; a source signal 
line; a gate signal line; an electric power source sup- 
ply line for maintaining a constant electric potential; 



a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
tric current power supply; and asensor electric pow- 
er source line for maintaining a constant electric po- 
5 tential; 

a gate electrode of the switching TFT is connected 
to the gate signal line; 

one of a source region and a drain region of the 
switching TFT is connected to the source signal 
10 line, and the other is connected to a gate electrode 
of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL 

15 element; 

a source region of the reset TFT is connected to the 
sensor electric power source line; 
a drain region of the reset TFT is connected to a 
gate electrode of the buffer TFT and to the photo- 

20 diode; 

a drain region of the buffer TFT is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 

25 ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT is connected 
to the gate signal line; 

the reset TFT and the selection TFT are switched 
30 from an ON state to an OFF state, or from an OFF 
state to an ON state at the same time in accordance 
with the signal input to the reset gate signal line and 
the sensor gate signal line; 
when one of the reset TFT and the selection TFT is 
35 in an ON state, the other is in an OFF state; 

light emitted from the EL element is reflected by a 
subject and irradiated to the photodiode; and 
an image signal generated from the light irradiated 
to the photodiode is input to the sensor output wir- 
40 ing. 

[0027] According to the present invention there is pro- 
vided; 

45 an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on a sub- 
strate, characterized in that: 
the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
50 TFT, a buffer TFT, a selection TFT; a source signal 
line; agate signal line; an electric power source sup- 
ply line for maintaining a constant electric potential; 
a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
ts trie current power supply; and asensor electric pow- 
er source line for maintaining a constant electric po- 
tential; 

a gate electrode of the switching TFT is connected 
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to the gate signal line; 

one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other Is connected to a gate electrode 

of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL 
element; 

a source region of the reset TFT is connected to the 
sensor electric power source line; 
a drain region of the reset TFT is connected to a 
gate electrode of the buffer TFT and to the photo- 
diode; 

a drain region of the buffer TFT Is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 
ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT Is connected 
to the sensor gate signal line; 
the reset TFT and the selection TFT are switched 
from an ON state to an OFF state, or from an OFF 
state to an ON state at the same time in accordance 
with the signal input to the reset gate signal line and 
the sensor gate signal line; 

when one of the reset TFT and the selection TFT is 
in an ON state, the other is in an OFF state; 
light emitted from the EL element is reflected by a 
subject and irradiated to the photodiode; and 
an image signal generated from the light irradiated 
to the photodiode is input to the sensor output wir- 
ing. 

[0028] According to the present invention there is pro- 
vided; 

a display device comprising a sensor portion, hav- 
ing a plurality of pixels, formed on a substrate, char- 
acterized in that: 

the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, and a selection TFT; 
light emitted from the EL element is controlled in ac- 
cordance with the switching TFT and the EL driver 
TFT; and 

the sensor portion displays an image in accordance 
with the light emitted from the EL element; or the 
light emitted from the EL element is irradiated to the 
photodiode by being reflected by a subject, and an 
image signal is generated from the light irradiated 
to the photodiode in accordance with the photodi- 
ode, the reset TFT, the buffer TFT, and the selection 
TFT 

[0029] According to the present invention there is pro- 
vided; 



an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asen- 
sor substrate, characterized in that: 
the plurality of pixels have a photodiode, an EL el- 

5 ement, a switching TFT, an EL driver TFT, a reset 

TFT, a buffer TFT, a selection TFT; a source signal 
line; agate signal line; an electric power source sup- 
ply line for maintaining a constant electric potential; 
a reset gate signal line; a sensor gate signal line; a 

10 sensor output wiring connected to a constant elec- 
tric current power supply; and a sensor electric pow- 
er source line for maintaining a constant electric po- 
tential; 

a gate electrode of the switching TFT is connected 

15 to the gate signal line; 

one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate electrode 
of the EL driver TFT; 

20 one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL 
element; 

a source region of the reset TFT is connected to the 
25 sensor electric power source line; 

a drain region of the reset TFT is connected to a 
gate electrode of the buffer TFT and to the photo- 
diode; 

a drain region of the buffer TFT is connected to the 

30 sensor electric power source line; 

one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 
ing, and the other Is connected to a source region 
of the buffer TFT; 

35 a gate electrode of the selection TFT is connected 
to the sensor gate signal line; 
light emitted from the EL element is controlled in ac- 
cordance with the switching TFT and the EL driver 
TFT; and 

40 the sensor portion displays an image in accordance 
with the light emitted from the EL element; or the 
light emitted from the EL element is irradiated to the 
photodiode by being reflected by a subject, and an 
image signal is generated from the light irradiated 

45 to the photodiode in accordance with the photodi- 
ode, the reset TFT, the buffer TFT, and the selection 
TFT 

[0030] According to the present invention there is pro- 
50 vided; 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on a sen- 
sor substrate, characterized in that: 
55 the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, a selection TFT; a source signal 
line; agate signal line; an electric power source sup- 
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ply line for maintaining a constant electric potential; 
a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
tric cu rrent power supply; and a sensor electric pow- 
er source line for maintaining a constant electric po- 
tential; 

a gate electrode of the switching TFT is connected 
to the gate signal line; 

one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate electrode 
of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL 
element; 

a source region of the reset TFT is connected to the 
sensor electric power source line; 
a drain region of the reset TFT is connected to a 
gate electrode of the buffer TFT and to the photo- 
diode; 

a drain region of the buffer TFT is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 
ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT is connected 
to the sensor gate signal line; 
the reset TFT and the selection TFT are switched 
from an ON state to an OFF state, or from an OFF 
state to an ON state at the same time in accordance 
with the signal input to the reset gate signal line and 
the sensor gate signal line; 

when one of the reset TFT and the selection TFT is 
in an ON state, the other is in an OFF state; 
light emitted from the EL element is controlled in ac- 
cordance with the switching TFT and the EL driver 
TFT; and 

the sensor portion displays an image in accordance 
with the light emitted from the EL element; or the 
light emitted from the EL element is irradiated to the 
photodiode by being reflected by a subject, and an 
image signal is generated from the light irradiated 
to the photodiode in accordance with the photodi- 
ode, the reset TFT, the buffer TFT, and the selection 
TFT 

[0031 ] According to the present invention there is pro- 
vided; 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asen- 
sor substrate, characterized in that: 
the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, a selection TFT; a source signal 
line; agatesignal line; an electric power source sup- 



ply line for maintaining a constant electric potential; 
a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
tric current power supply; and a sensor electric pow- 
5 er source line for maintaining a constant electric po- 
tential; 

a gate electrode of the switching TFT is connected 
to the gate signal line; 

one of a source region and a drain region of the 
10 switching TFT is connected to the source signal 
line, and the other is connected to a gate electrode 
of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
15 supply line, and the other is connected to the EL 
element; 

a source region of the reset TFT is connected to the 
sensor electric power source line; 
a drain region of the reset TFT is connected to a 
20 gate electrode of the buffer TFT and to the photo- 
diode; 

a drain region of the buffer TFT is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
25 lection TFT is connected to the sensor output wir- 
ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT is connected 
to the sensor gate signal line; 
30 the polarity of the switching TFT and the selection 

TFT are the same; 

light emitted from the EL element is controlled in ac- 
cordance with the switching TFT and the EL driver 
TFT; and 

35 the sensor portion displays an image in accordance 
with the light emitted from the EL element; or the 
light emitted from the EL element is irradiated to the 
photodiode by being reflected by a subject, and an 
image signal is generated from the light irradiated 

40 to the photodiode in accordance with the photodi- 
ode, the reset TFT, the buffer TFT, and the selection 
TFT 

[0032] According to the present invention there is pro- 

45 vided; 

an adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on a sen- 
sor substrate, characterized in that: 

50 the plurality of pixels have a photodiode, an EL el- 
ement, a switching TFT, an EL driver TFT, a reset 
TFT, a buffer TFT, a selection TFT; a source signal 
line; agate signal line; an electric power source sup- 
ply line for maintaining a constant electric potential; 

55 a reset gate signal line; a sensor gate signal line; a 
sensor output wiring connected to a constant elec- 
tric current power supply; and asensor electric pow- 
er source line for maintaining a constant electric po- 
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tential; 

a gate electrode of the switching TFT is connected 
to the gate signal line; 

one of a source region and a drain region of the 

switching TFT is connected to the source signal 5 
line, and the other is connected to agate electrode 
of the EL driver TFT; 

one of a source region and a drain region of the EL 
driver TFT is connected to the electric power source 
supply line, and the other is connected to the EL io 
element; 

a source region of the reset TFT is connected to the 

sensor electric power source line; 

a drain region of the reset TFT is connected to a 

gate electrode of the buffer TFT and to the photo- 15 

diode; 

a drain region of the buffer TFT is connected to the 
sensor electric power source line; 
one of a source region and a drain region of the se- 
lection TFT is connected to the sensor output wir- 20 
ing, and the other is connected to a source region 
of the buffer TFT; 

a gate electrode of the selection TFT is connected 
to the sensor gate signal line; 

the polarity of the switching TFT and the selection 25 

TFT are the same; 

the reset TFT and the selection TFT are switched 
from an ON state to an OFF state, or from an OFF 
state to an ON state at the same time in accordance 
with the signal input to the reset gate signal line and so 
the sensor gate signal line; 
when one of the reset TFT and the selection TFT is 
in an ON state, the other is in an OFF state; 
light emitted from the EL element is controlled in ac- 
cordance with the switching TFT and the EL driver 35 
TFT; and 

the sensor portion displays an image in accordance 
with the light emitted from the EL element; or the 
light emitted from the EL element is irradiated to the 
photodiode by being reflected by a subject, and an 40 
image signal is generated from the light irradiated 
to the photodiode in accordance with the photodi- 
ode, the reset TFT, the buffer TFT, and the selection 
TFT 

45 

[0033] The EL element may have an anode, a cath- 
ode, and an EL layer formed between the anode and 

the cathode. 

[0034] The EL driver TFT may be a p-channel TFT 
when the anode of the EL element is connected to a 50 
source region or a drain region of the EL driver TFT 
[0035] The EL driver TFT may be an n-channel TFT 
when the cathode of the EL element is connected to the 
source region or the drain region of the EL driver TFT. 
[0036] The photodiode may have a cathode, an an- 55 
ode, and a photoelectric conversion layer formed be- 
tween the cathode and the anode. 
[0037] The reset TFT may be an n-channel TFT and 



the buffer TFT may be a p-channel TFT when the anode 
of the photodiode is connected to a drain region of the 
reset TFT. 

[0038] The reset TFT may be a p-channel TFT and 

the buffer TFT may be an n-channel TFT when the cath- 
ode of the photodiode is connected to the drain region 
of the reset TFT. 

[0039] The display device may have a touch pen and 

a touch panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] In the accompanying drawings: 

Fig. 1 is a circuit diagram of a sensor portion; 

Fig. 2 is a circuit portion of a pixel; 

Fig. 3 is a timing chart of read in of an image to a 

sensor portion; 

Fig. 4 is a timing chart of read in of a color image to 
a sensor portion; 

Fig. 5 is a top view of a digital drive area sensor; 
Fig. 6 is a timing chart of light emission by an EL 
element when reading in an image; 
Fig. 7 is a timing chart of light emission by an EL 
element when displaying an image; 
Fig. 8 is a top view of an analog drive area sensor; 
Fig. 9 is a timing chart of light emission by an EL 
element when reading in an image; 
Fig. 1 0 is a cross sectional diagram of a sensor por- 
tion; 

Fig. 1 1 is a cross sectional diagram of a sensor por- 
tion; 

Fig. 1 2 is a cross sectional diagram of a sensor por- 
tion; 

Fig. 1 3 is a cross sectional diagram of a sensor por- 
tion; 

Figs. 1 4A to 1 4D are diagrams of a process of man- 
ufacturing a sensor portion; 

Figs. 15A to 15D are diagrams of the process of 
manufacturing the sensor portion; 
Figs. 1 6A to 1 6C are diagrams of the process of 
manufacturing the sensor portion; 
Figs. 17A and 17B are diagrams of the process of 
manufacturing the sensor portion; 
Figs. 1 8A to 1 8D are diagrams of a process of man- 
ufacturing a sensor portion; 
Figs. 19A to 19C are diagrams of the process of 
manufacturing the sensor portion; 
Figs. 20A to 20C are diagrams of the process of 
manufacturing the sensor portion; 
Figs. 21 A and 218 are diagrams of the process of 
manufacturing the sensor portion; 
Figs. 22A and 22B are perspective views of one ex- 
ample of an area sensor of the present invention, a 
portable hand scanner; 

Fig. 23 is a perspective view of one example of an 
area sensor of the present invention, an area sen- 
sor with an attached touch panel; 
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Figs. 24A and 24B are a perspective view and a 
cross sectional diagram, respectively, of a conven- 
tional area sensor; 

Figs. 25 is a circuit diagram of a sensor portion; and 
Figs. 26A and 26B are circuit diagrams of a source 
signal line driver circuit and a gate signal line driver 
circuit, respectively, of a sensor portion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment Mode 

[0041] A structure of an area sensor of the present 
invention is explained in detail below. The area sensor 
of the present invention has a sensor portion for per- 
forming read in of an image, and a driver portion for con- 
trolling the driving of the sensor portion. A circuit dia- 
gram of the sensor portion of the present invention is 
shown in Fig. 1. 

[0042] Source signal lines S1 to Sx, electric power 
source supply lines VI to Vx, gate signal lines G1 to Gy, 
reset gate signal lines RG1 to RGy, sensor gate signal 
lines SG1 to SGy, sensor output wirings SSI to SSx, 
and a sensor electric power source line VB are formed 
in a sensor portion 1 01 . 

[0043] The sensor portion 1 01 has a plurality of pixels 
1 02. The pixels 1 02 have one of the source signal lines 
SI to Sx, one of the electric power source supply lines 
VI to Vx, one of the gate signal lines G1 to Gy, one of 
the reset gate signal lines RG1 to RGy, one of the sensor 
gate signal lines SGI to SGy, one of the sensor output 
wirings SSI to SSx, and the sensor electric power 
source line VB. 

[0044] The sensor output wirings SSI to SSx are con- 
nected to constant electric current power supplies 
1 03_1 to 1 03_x, respectively 

[0045] A detailed structure of the pixel 102 is shown 

in Fig. 2. A region enclosed by a dotted line is the pixel 
1 02. Note that a source signal line S denotes one of the 
source signal lines SI to Sx. Further, an electric power 
source supply line V denotes one of the electric power 
source supply lines VI to Vx. A gate signal line G de- 
notes one of the gate signal lines G1 to Gy, and a reset 
gate signal line RG denotes one of the reset gate signal 
lines RG1 to RGy. In addition, a sensor gate signal line 
SG denotes one of the sensor gate signal lines SGI to 
SGy, and a sensor output wiring SS denotes one of the 
sensor output wirings SS1 to SSx. 
[0046] The pixel 1 02 has a switching TFT 1 04, an EL 
driver TFT 1 05, and an EL element 1 06. Further, in Fig. 
2 a capacitor 1 07 is formed in the pixel 1 02, but the ca- 
pacitor 107 need not be formed. 
[0047] The EL element 1 06 is composed of an anode, 
a cathode, and an EL layer formed between the anode 
and the cathode. When the anode is connected to a 
source region or a drain region of the EL driver TFT 1 05, 
the anode is a pixel electrode and the cathode is an op- 



posing electrode. Conversely, when the cathode is con- 
nected to a source region or a drain region of the EL 
driver TFT 1 05, the anode is the opposing electrode and 
the cathode is the pixel electrode. 
5 [0048] A gate electrode of the switching TFT 104 is 
connected to the gate signal line G. One of a source 
region and a drain region of the switching TFT 104 is 
connected to the source signal line S, and the other is 
connected to a gate electrode of the EL driver TFT 1 05. 
[0049] One of the source region and the drain region 
of the EL driver TFT 105 is connected to the electric 
power source supply line V, and the other is connected 
to the EL element 1 06. The capacitor 1 07 is formed con- 
nected to the gate electrode of the EL driver TFT 105 
and to the electric power source supply line V. 
[0050] In addition, the pixel 1 02 has a reset TFT 1 1 0, 
a buffer TFT 1 1 1 , a selection TFT 1 1 2, and a photodiode 
113. 

[0051] A gate electrode of the reset TFT 110 is con- 
nected to the reset gate signal line RG. A source region 
of the reset TFT 1 1 0 is connected to the sensor electric 
power source line VB, and the sensor electric power 
source line VB is always maintained at a constant elec- 
tric potential (reference electric potential). Further, a 
drain region of the reset TFT 110 is connected to the 
photodiode 1 1 3 and to a gate electrode of the buffer TFT 
111. 

[0052] Although not shown in the figure, the photodi- 
ode 113 has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed between 
the cathode electrode and the anode electrode. The 
drain region of the reset TFT 110 is connected specifi- 
cally to the anode electrode or the cathode electrode of 
the photodiode 113. 

[0053] A drain region of the buffer TFT 1 1 1 is connect- 
ed to the sensor electric power source line VB, and is 
always maintained at the reference electric potential. A 
source region of the buffer TFT is connected to a source 
region or a drain region of the selection TFT 112. 
[0054] A gate electrode of the selection TFT 112 is 
connected to the gate signal line SG. One of the source 
region and the drain region of the selection TFT 112 is 
connected to the source region of the buffer TFT 111, 
as stated above, and the other is connected to the sen- 
sor output wiring SS. The sensor output wiring SS is 
connected to the constant electric current power supply 
103 (one of the constant electric current power supply 
1 03_1 to 1 03_x), and a constant electric current always 
flows. 

[0055] An explanation of a method of driving the area 
sensor of the present invention is explained next using 
Fig. 1 and Fig. 2. 

[0056] The EL element 1 06 of the pixel 1 02 functions 
as a light source of the area sensor, and the switching 
TFT 1 04, the EL driver TFT 1 05, and the capacitor 1 07 
control the operation of the EL element 106 as the light 
source. 

[0057] Light emitted from the EL element is reflected 
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by a subject and irradiated to tine photodiode 1 1 3 of tine 
pixel 102. The pliotodiode 113 converts the irradiated 
light to an electrical signal having image information. 
The electrical signal having Image information which is 
generated by the photodiode 113 is then taken in the 
area sensor as an image signal by the reset TFT 110, 
the buffer TFT 111 and the selection TFT 112. 
[0058] Fig. 3 is a timing chart showing the operation 
of the reset TFT 1 1 0, the buffer TFT 111, and the selec- 
tion TFT 112. Note that a timing chart for a case in which 
the reset TFT 110 is an n-channel TFT, the buffer TFT 
111 is a p-channel TFT, and the selection TFT 1 1 2 is an 
n-channel TFT is shown here. The reset TFT 110, the 
buffer TFT 111, and the selection TFT 1 1 2 may each be 
either an n-channel TFT or a p-channel TFT in the 
present invention. However, it is preferable that the reset 
TFT 1 1 0 and the buffer TFT 1 1 1 have opposite polarities. 
[0059] First, the reset TFTs 11 0 of a first line of pixels 
connected to the reset gate signal line RG1 are placed 
in an ON state in accordance with a reset signal inputted 
to the reset gate signal line RG1 . The reference electric 
potential of the sensor electric power source line VB is 
therefore applied to the gate electrode of the buffer TFT 
111. 

[0060] Further, the selection TFTs 1 1 2 of a first line of 

pixels connected to the sensor gate signal line SGI are 
placed in an OFF state in accordance with a sensor sig- 
nal inputted to the sensor gate signal line SGI. The 
source region of the buffer TFT 111 is therefore main- 
tained at an electric potential in which an electric poten- 
tial difference Vqq between the source region and the 
drain region of the buffer TFT 1 1 1 is subtracted from the 
reference electric potential. Note that a period during 
which the reset TFT 11 0 is in an ON state is referred to 
as a reset period throughout this specification. 
[0061] The electric potential of the reset signal input- 
ted to the reset gate signal line RG1 is then changed, 
and all of the reset TFTs 1 1 0 of the first line of pixels are 
placed in an OFF state. The reference electric potential 
of the sensor electric power source line VB is therefore 
no longer applied to the gate electrodes of the buffer 
TFTs 111 of the first line of pixels. Note that a period 
during which the reset TFT 110 is in an OFF state is 
referred to as a sample period ST throughout this spec- 
ification. In particular, a period during which the reset 
TFTs 110 of the first line of pixels is in an OFF state is 
referred to as a sample period ST1 . 
[0062] The electric potential of the sensor signal in- 
putted to the sensor gate signal line SGI changes in the 
sample period ST1, and the selection TFTs 112 of the 
first line of pixels are placed in an ON state. The source 
regions of the buffer TFTs 111 of the first line of pixels 
are therefore electrically connected to the sensor output 
wiring SSI through the selection TFTs 112. The sensor 
output wiring SSI is connected to the constant electric 
current power supply 1 03_1 . Therefore, the buffer TFTs 
1 1 1 function as source followers, and the electric poten- 
tial difference Vqs between the source region and the 



gate electrode is constant. 

[0063] An electric current flows in the photodiode 1 1 3 
in the sample period ST1 when the light from the EL el- 
ement 1 06 is reflected by a subject and irradiated to the 

5 photodiode 113. The electric potential of the gate elec- 
trode of the buffer TFT 111, maintained at the reference 
electric potential during the reset period, therefore be- 
comes higher in correspondence with the amount of 
electric current which develops in the photodiode 113. 

10 [0064] The electric current flowing in the photodiode 
113 is proportional to the strength of the light irradiated 
to the photodiode 113, and therefore the image of the 
subject is converted as is into an electrical signal in the 
photodiode 113. The electrical signal generated in the 

15 photodiode 113 is inputted to the gate electrode of the 
buffer TFT 111. 

[0065] The electric potential difference Vqs between 
the source region and the gate electrode of the buffer 
TFT 111 is always constant, and therefore the source 

20 region of the buffer TFT 1 1 1 maintains an electric poten- 
tial in which Vqs 's subtracted from the electric potential 
of the gate electrode of the buffer TFT 111 . Therefore, 
if the electric potential of the gate electrode of the buffer 
TFT 1 1 1 changes, the electric potential of the source re- 

25 gion of the buffer TFT 111 also changes in accompani- 
ment. 

[0066] The electric potential of the source region of 
the buffer TFT 1 1 1 is inputted to the sensor output wiring 
SSI , through the selection TFT 1 1 2, as an image signal. 

30 [0067] Next, the reset TFTs 1 1 0 of the first line of pix- 
els connected to the reset gate signal line RG1 are 
placed in an ON state in accordance with the reset signal 
inputted to the reset gate signal line RG1 , and the reset 
period again begins. The reset TFTs 110 of a second 

35 line of pixels connected to the reset gate signal line RG2 
are simultaneously placed in an OFF state in accord- 
ance with the reset signal inputted to the reset gate sig- 
nal line RG2, and a sampling period ST2 begins. 
[0068] An electrical signal having image information 

40 is generated in the photodiode in the sampling period 
ST2, similar to what occurs in the sampling period ST1 , 
and the image signal is inputted to the sensor output 
wiring SS2. 

[0069] If the above operations are repeated, one im- 
45 age can be read in as an image signal when the sam- 
pling period STy is completed. Note that a period up 
through the appearance of all of the sampling periods 
ST1 to STy is referred to as a sensor frame period SF 
in this specification. 
50 [0070] Further, it is necessary to make the EL ele- 
ments of respective pixels always emit light in each of 
the sampling periods. For example, it is necessary for 
the EL elements of the first line of pixels to emit light 
during at least the sampling period ST1 . Note that all of 
55 the pixels may always emit light during the sensor frame 
period SF. 

[0071 ] Note also that for a case of an area sensor into 
which a color image is read, the sensor portion has pix- 
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els corresponding to each of the colors R (red), G 
(green), and B (blue). The pixels corresponding to each 
color RGB have three types of EL elements correspond- 
ing to RGB, have EL elements for emitting white color 
light and three types of color filters for RGB, or EL ele- 
ments for emitting blue color or blue-green color light 
and a fluorescing body (fluorescing color conversion 
layer, CCIVI). 

[0072] Each color of RGB light emitted from the pixels 
corresponding to each of the RGB colors is irradiated to 
the subject in order. Then each of the RGB colors of light 
reflected by the subject is irradiated to the photodiodes 
of the pixels, and image signals corresponding to each 
of the RGB colors are taken into the area sensor. 
[0073] Fig. 4 is a timing chart showing the operation 
of the reset TFT 1 1 0, the buffer TFT 111, and the selec- 
tion TFT 112 of an area sensor for reading in a color 
image. Note that the timing chart shows a case in which 
the reset TFT 110 is an n-channel TFT, the buffer TFT 
111 is a p-channel TFT, and the selection TFT 1 1 2 is an 
n-channel TFT. 

[0074] All of the sample periods ST1 to STy appear 
within a period during which the EL elements of pixels 
corresponding to R emit light. A period up through the 
appearance of all of the sampling periods ST1 to STy 
within the period in which the EL elements of the pixels 
corresponding to R emit light is referred to as an R sen- 
sor frame period SFr. Image signals corresponding to R 
are taken into the area sensor in the R sensor frame 
period SFr. Note that pixels corresponding to G and B 
do not perform light emission during the R sensor frame 
period SFr. 

[0075] Next, all of the sample periods ST1 to STy ap- 
pear within a period during which the EL elements of 
pixels corresponding to G emit light. A period up through 
the appearance of all of the sampling periods ST1 to 
STy within the period in which the EL elements of the 
pixels corresponding to G emit light is referred to as an 
G sensor frame period SFg. Image signals correspond- 
ing to G are taken into the area sensor in the G sensor 
frame period SFg. Note that pixels corresponding to R 
and B do not perform light emission during the G sensor 
frame period SFg. 

[0076] Next, all of the sample periods ST1 to STy ap- 
pear within a period during which the EL elements of 
pixels corresponding to B emit light. A period up through 
the appearance of all of the sampling periods ST1 to 
STy within the period in which the EL elements of the 
pixels corresponding to B emit light is referred to as an 
B sensor frame period SFb. Image signals correspond- 
ing to B are taken into the area sensor in the B sensor 
frame period SFb. Note that pixels corresponding to R 
and G do not perform light emission during the B sensor 
frame period SFb. 

[0077] A period until all of the R sensor frame period 
SFr, the G sensor frame period SFg, and the B sensor 
frame period SFb appear is referred to as the sensor 
frame period SF. When the sensor frame period SF is 



completed, one color image can be read in as an image 
signal. 

[0078] Further, it is necessary for the EL elements of 
pixels corresponding to each color to always emit light 

5 in each sampling period. For example, in the sampling 
period ST1 within the B sensor frame period, it is nec- 
essary for the EL elements of pixels corresponding to 
B, from the first line of pixels, to always emit light. Fur- 
thermore, the pixels corresponding to each color may 

10 always emit light in the respective R, G, and B sensor 
frame periods SFr, SFg, and SFb. 
[0079] Light is irradiated uniformly onto the subject in 
accordance with the above structure of the present in- 
vention, and therefore irregularities in the brightness of 

15 the read in image do not develop. It is not necessary to 
form the backlight and the light scattering plate sepa- 
rately from the sensor substrate, and therefore it is not 
necessary to precisely position the backlight, the light 
scattering plate, the sensor substrate, and the subject. 

20 The area sensor itself can thus be made smaller, thinner, 
and lighter. Further, the mechanical strength of the area 
sensor itself increases. 

[0080] Furthermore, it is possible to display an image 
in a sensor portion using an EL element with the area 
25 sensor of the present invention. Therefore, without form- 
ing an electronic display in the area sensor, an image 
read in by the sensor portion can be displayed in the 
sensor portion, and the read in image can be confirmed 
at that spot. 

30 

Embodiments 

[0081] Embodiments of the present invention are ex- 
plained below. 

35 

Embodiment 1 

[0082] A method of driving the switching TFT 1 04 and 

the EL driver TFT 105, which control the operation of 

40 the EL element 1 06 shown in Fig. 2, is explained in Em- 
bodiment 1 . Note that the structu re of the sensor portion 
is the same as that of the embodiment mode, and there- 
fore Fig. 1 and Fig. 2 are referenced. 
[0083] Fig. 5 shows a top view of an area sensor of 

45 Embodiment 1. Reference numeral 120 denotes a 
source signal line driver circuit, reference numeral 122 
denotes a gate signal line driver circuit, and both control 
the driving of the switching TFT 104 and the EL driver 
TFT 105. Further, reference numeral 121 denotes a sen- 

50 sor source signal line driver circuit, reference numeral 
1 23 denotes a sensor gate signal line driver circuit, and 
both control the driving of the reset TFT 1 1 0, the buffer 
TFT 111, and the selection TFT 112. Note that the 
source signal line driver circuit 120, the gate signal line 

55 driver circuit 122, the sensor source signal line driver 
circuit 1 21 , and the sensor gate signal line driver circuit 
123 are referred to as a driver portion. 
[0084] The source signal line driver circuit 1 20 has a 
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shift register 1 20a, a latch (A) 1 20b, and a latch (B) 1 20c. 
A clock signal (CLK) and a start pulse (SP) are inputted 
to the shift register 120a in the source signal line driver 
circuit 120. The shift register 120a generates timing sig- 
nals in order based upon the clock signal (CLK) and the 
start pulse (SP), and the timing signals are supplied one 
after another to downstream circuits. 
[0085] Note that the timing signals from the shift reg- 
ister 120a may be buffer-amplified by a circuit such as 
a buffer (not shown in the figure) and then supplied one 
after another to the downstream circuits as the buffer- 
amplified timing signals. The load capacitance (parasitic 
capacitance) of a wiring to which the timing signals are 
supplied is large because many of the circuits and ele- 
ments are connected to the wiring. The buffer is formed 
in order to prevent dullness in the rise and fall of the 
timing signal, generated due to the large load capaci- 
tance. 

[0086] The timing signals from the shift register 120a 
are supplied to the latch (A) 120b. The latch (A) 120b 
has a plurality of latch stages for processing a digital 
signal. The latch (A) 120b writes in and maintains digital 
signals in order simultaneously with the input of the tim- 
ing signals. 

[0087] Note that the digital signals may be sequential- 
ly inputted to the plurality of latch stages of the latch (A) 
120b when the digital signals are taken in by the latch 
(A) 120b. However, the present invention is not limited 
to this structure. A so-called division drive may be per- 
formed, that is, the plurality of latch stages of the latch 
(A) 120b is divided into a number of groups, and then 
the digital signals are parallely inputted to the respective 
groups at the same time. Note that the number of groups 
at this point is called a division number. For example, if 
the latch circuits are grouped into 4 stages each, then it 
is called a 4-branch division drive. 
[0088] The time necessary to complete writing of the 
digital signals into all the latch stages of the latch (A) 
120b is called a line period. In other words, the line pe- 
riod is defined as a time interval from the start of writing 
the digital data signals into the latch circuit of the left- 
most stage to the end of writing the digital signals into 
the latch of the mostright stage in the latch (A) 120b. In 
effect, the above-defined line period added with the hor- 
izontal retrace period may also be referred to as the line 
period. 

[0089] After the completion of one line period, a latch 
signal is supplied to the latch (B) 120c. In this moment, 
the digital signals written in and held by the latch (A) 
1 20b are sent all at once to the latch (B) 1 20c to be writ- 
ten in and held by all the latch stages thereof. 
[0090] Sequential writing-in of digital signals on the 
basis of the timing signals from the shift register 1 20a is 
again carried out to the latch (A) 120b after it has com- 
pleted sending the digital signals to the latch (B) 120c. 
[0091] During this second time one line period, the 
digital signals written in and held by the latch (B) 120c 
are inputted to the source signal lines SI to Sx. 



[0092] On the other hand, the gate signal line driver 
circuit 122 is composed of a shift register and a buffer 
(both not shown in the figure). Depending on the situa- 
tion, the gate signal line driver circuit 122 may have a 

5 level shifter in addition to the shift register and the buffer. 
[0093] In the gate signal line driver circuit 122, the 
gate signal is supplied to the buffer (not shown in the 
figure) from the shift register (also not shown in the fig- 
ure), and this is supplied to a corresponding gate signal 

10 line. Gate electrodes of the switching TFTs 104 of one 
line portion of pixels are connected to each of the gate 
signal lines G1 to Gy. All of the switching TFTs 104 of 
the one line portion of pixels must be placed in an ON 
state simultaneously, and therefore a buffer in which a 

15 large electric current can flow is used. 

[0094] Note that the number of source signal line driv- 
er circuits and gate signal line driver circuits, their struc- 
ture, and their operation are not limited to the structure 
shown by Embodiment 1. The area sensor of the 

20 present invention is capable of using a known source 
signal line driver circuit and a known gate signal line driv- 
er circuit. 

[0095] Next, a timing chart for a case of driving the 
switching TFT 1 04 and the EL driver TFT 1 05 of the sen- 
25 sor portion by a digital method is shown in Fig. 6. 

[0096] A period through which all of the pixels of the 
sensor portion 101 emit light is referred to as one frame 
period F. The frame period is divided into an address 
period Ta and a sustain period Ts. The address period 
30 is a period in which a digital signal is inputted to all of 
the pixels during one frame period. The sustain period 
(also referred to as a turn-on period) denotes a period 
in which the EL elements emit light or not in accordance 
with the digital signal inputted to the pixels in the address 
35 period and display is performed. 

[0097] The electric potential of the electric power 
source supply lines VI to Vx is maintained at a prede- 
termined electric potential (electric power source poten- 
tial). 

40 [0098] First, in the address period Ta, the electric po- 
tential of the opposing electrode of the EL element 106 
is maintained at the same height as the electric power 
source potential. 

[0099] Then all of the switching TFTs 1 04 connected 
45 to the gate signal line G1 turn on in accordance with a 
gate signal inputted to the gate signal line G1 . A digital 
signal is next inputted from the source signal line driver 
circuit 1 20 to the source signal lines SI to Sx. The digital 
signal inputted to the source signal lines SI to Sx is in- 
50 putted to the gate electrodes of the EL driver TFTs 1 05 
through the switching TFTs 104 which are in an ON 
state. 

[0100] Next, all of the switching TFTs 104 connected 
to the gate signal line G2 are placed in an ON state in 
55 accordance with a gate signal inputted to the gate signal 
line G2. The digital signal is then inputted from the 
source signal line driver circuit 1 20 to the source signal 
lines SI to Sx. The digital signal inputted to the source 
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signal lines S1 to Sx is inputted to the gate electrodes 
of the EL driver TFTs 105 through the switching TFTs 

1 04 which are in an ON state. 

[0101] The above operations are repeated through 
the gate signal line Gy, the digital signal is inputted to 
the gate electrodes of the EL driver TFTs 1 05 of all the 
pixels 1 02, and the address period is completed. 
[0102] The sustain period begins simultaneously to 
the end of the address period Ta. All of the switching 
TFTs 104 are placed in an OFF state in the sustain pe- 
riod. 

[0103] Then, at the same time as the sustain period 
begins, the electric potential of the opposing electrodes 
of all the EL elements has a height of the electric poten- 
tial difference between the electric power source poten- 
tial to the level at which the EL elements will emit light 
when the electric potential of the electric power source 
is applied to the pixel electrodes. Note that the electric 
potential difference between the pixel electrode and the 
opposing electrode is referred to as an EL driver voltage 
in this specification. Further, the EL driver TFTs 1 05 are 
placed in an ON state in accordance with the digital sig- 
nal inputted to the gate electrode of the EL driver TFTs 

105 of each pixel. Therefore, the electric power source 
potential is applied to the pixel electrodes of the EL el- 
ements, and the EL elements of all pixels emit light. 
[0104] One frame period is completed at the same 
time as the sustain period is completed. It is necessary 
that the pixels emit light in all of the sampling periods 
ST1 to STy with the present invention. Therefore, it is 
very important that the sensor frame period SF be in- 
cluded within the sustain period when using the digital 
driving method of Embodiment 1. 

[01 05] Note that an explanation of a method of driving 
the area sensor for reading in a single color image is 
explained in Embodiment 1, but a case of reading in a 
color image is similar. However, for the case of an area 
sensor which reads in a color image, one frame period 
is divided into three subframe periods corresponding to 
RGB, and an address period and a sustain period are 
formed in each subframe period. A digital signal is in- 
putted to all of the pixels such that only the EL elements 
of pixels corresponding to R will emit light, and only the 
EL elements for the color R perform light emission in the 
sustain period. The subframe periods for G and B are 
similar, and only EL elements of pixels corresponding to 
the respective colors perform light emission in each sus- 
tain period. 

[0106] For the case of an area sensor which reads in 
a color image, it is important that each sustain period of 
the three subframe periods corresponding to RGB con- 
tains a sensor frame period for R, G, and B (SFr, SFg, 
SFb), respectively. 

Embodiment 2 

[0107] A method of driving the switching TFT 1 04 and 
the EL driver TFT 105 when displaying an image in the 



sensor portion 101 is explained in Embodiment 2. Note 
that the structure of the sensor portion is the same as 
the structure shown by the embodiment mode, and 
therefore Fig. 1 and Fig. 2 may be referenced. 
5 [0108] A timing chart when performing display of an 
image in the sensor portion 101 in the area sensor of 
the present invention by a digital method is shown in 
Fig. 7. 

[0109] First, one frame period F is divided into n sub- 
10 frame periods SF1 to SFn. The number of subframe pe- 
riods in one frame period also increases as the number 
of gray scales increases. Note that, when the sensor 
portion of the area sensor displays an image, one frame 
period F denotes a period during which all pixels of the 
^5 sensor portion display one image. 

[0110] It is preferable that 60 or more frame periods 
be provided each second for the case of Embodiment 
2. By setting the number of images displayed each sec- 
ond to 60 or greater, it becomes possible to visually sup- 
20 press image flicker. 

[0111] The subframe period is divided into an address 
period Ta and a sustain period Ts. The address period 
is a period within one subframe period during which a 
digital video signal is inputted to all pixels. Note that the 
25 digital video signal is a digital signal having image infor- 
mation. The sustain period (also referred to as a turn- 
on period) denotes a period during which EL elements 
are placed in a state of emitting light or not emitting light 
in accordance with the digital video signal inputted to 
30 the pixels in the address period and display is per- 
formed. Note that the digital video signal denotes the 
digital signal having image information. 
[01 12] The address periods Ta of SF1 to SFn are tak- 
en as address periods Tal to Tan, and the sustain peri- 
ls ods Ts of SF1 to SFn are taken as sustain periods Tsl 
to Tsn. 

[0113] The electric potential of the electric power 
source supply lines VI to Vx is maintained at a prede- 
termined electric potential (electric power source poten- 

40 tial). 

[0114] First, the electric potential of the opposing 
electrode of the EL elements 106 is maintained at the 
same height as the electric power source potential in the 
address period Ta. 
45 [0115] Next, all of the switching TFTs 104 connected 
to the gate signal line G1 are placed in an ON state in 
accordance with a gate signal inputted to the gate signal 
line G1. The digital video signal is then inputted to the 
source signal lines S1 to Sx from the source signal line 
50 driver circuit 1 02. The digital video signal has "0" or "1 " 
information, and one of the "0" and "1 " digital video sig- 
nals is a signal having a "HI" voltage, while the other is 
a signal having a "LO" voltage. 

[0116] The digital video signal inputted to the source 
55 signal lines SI to Sx is then inputted to the gate elec- 
trodes of the EL driver TFTs 105 through the switching 
TFTs 104 in an ON state. 

[01 17] All of the switching TFTs 1 04 connected to the 
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gate signal line G1 are tlien placed in an OFF state, and 
all of the switching TFTs 1 04 connected to the gate sig- 
nal line G2 are placed in an ON state in accordance with 
a gate signal inputted to the gate signal line G2. The 
digital video signal is then inputted to the source signal 
lines S1 to Sx from the source signal line driver circuit 
102. The digital video signal inputted to the source sig- 
nal lines S1 to Sx is inputted to the gate electrodes of 
the EL driver TFTs 1 05 through the switching TFTs 1 04 
in an ON state. 

[0118] The above operations are repeated through 
the gate signal line Gy, and the digital video signal is 
inputted to the gate electrodes of the EL driver TFTs 1 05 
of all the pixels 1 02, and the address period is complet- 
ed. 

[0119] The sustain period Ts begins simultaneously 
with the completion of the address period Ta. All of the 
switching TFTs 104 are in an OFF state in the sustain 
period. The electric potential of the opposing electrodes 
of all the EL elements has a height of the electric poten- 
tial difference between the electric power source poten- 
tial to the level at which the EL elements will emit light 
when the electric potential of the electric power source 
is applied to the pixel electrodes. 
[0120] When the digital video signal has "0" informa- 
tion, the EL driver TFT 1 05 is placed in an OFF state in 
Embodiment 2. The pixel electrode of the EL elements 
is therefore maintained at the electric potential of the 
opposing electrode. As a result, the EL element 106 
does not emit light when the digital video signal having 
"0" information is inputted to the pixel. 
[0121] On the other hand, when the digital video sig- 
nal has "1" information, the EL driver TFTs are placed 
in an ON state. The electric power source potential is 
therefore applied to the pixel electrode of the EL element 
106. As a result, the EL element 106 of the pixel into 
which the digital video signal having "1" information is 
inputted emits light. 

[0122] The EL elements are thus placed in a state in 
which they emit light or do not emit light in accordance 
with the information of the digital video signal input to 
the pixels, and the pixels perform display. 
[0123] One subframe period is complete at the same 
time as the sustain period is complete. The next sub- 
frame period then appears, and once again the address 
period begins. The sustain period again beings after the 
digital video signal is input to all of the pixels. Note that 
the order of appearance of the subframe periods SF1 to 
SFn is arbitrary. 

[0124] Similar operations are then repeated in the re- 
maining subframe periods, and display is performed. Af- 
ter completing all of the n subframe periods, one image 
is displayed, and one frame period is completed. When 
one frame period is complete, the subframe period of 
the next frame period appears, and the above stated op- 
erations are repeated. 

[0125] The lengths of the address periods Tal to Tan 
of the respective n subframe periods are each the same 



in the present invention. Further, the ratio of lengths of 
the n sustain periods Tsl, Tsn is expressed as Tsl : 
Ts2 : Ts3 : ... : Ts (n-1) : Tsn = 2° : 2-^ : 2-2 : ... : 2-(n-2) : 
2-(n-1). 

5 [0126] The gray-scale of each pixel is determined in 
accordance with during which subframe periods in one 
frame period the pixel is made to emit light. For example, 
when n = 8, and taking the brightness of pixels which 
emit light in all of the sustain periods as having a value 

10 of 100%, pixels which emit light in Tsl and Ts2 can ex- 
press a brightness of 75%, and for a case of selecting 
Ts3, Ts5, and Ts8, a brightness of 16% can be ex- 
pressed. 

[0127] Note that it is possible to freely combine Em- 
15 bodiment 2 with Embodiment 1 . 

Embodiment 3 

[0128] The electric potential of the opposing elec- 

20 trodes are maintained at the same electric potential as 
that of the electric power source potential during the ad- 
dress period in Embodiments 1 and 2. Therefore, the 
EL elements do not emit light. However, the present in- 
vention is not limited to this structure. If an electric po- 

25 tential difference is always formed between the oppos- 
ing electric potential and the electric power source po- 
tential, on an order at which the EL elements will emit 
light, when the electric power source potential is applied 
to the pixel electrodes, display may also be performed 

30 in the address period, similar to the display period. 
[0129] However, when combining Embodiment 1, in 
which the EL elements are used as the light source of 
the area sensor, with Embodiment 3, it is important that 
the sensor frame period SF be contained within the 

35 frame period for an area sensor which reads in a single 
color image. Furthermore, it is important that the three 
subframe periods corresponding to RGB be contained 
in R, G, and B sensor frame periods, respectively, for an 
area sensor which reads in a color image. 

40 [0130] In addition, when combining Embodiment 2, in 
which an image is displayed in the sensor portion, with 
Embodiment 3, the entire subframe period in practice 
becomes a period for performing display, and therefore 
the lengths of the subframe periods are set so as to be 

45 SF1 : SF2 : SF3 : ... : SF (n-1 ) : SFn = 2° : 2"^ : 2-2 : ... : 
2-(n-2) ; 2-(n-i). An image having a high brightness can 
be obtained in accordance with the above structure 
when compared with the drive method in which light is 
not emitted during the address period. 

50 

Embodiment 4 

[0131] An example of a method of driving the switch- 
ing TFTs 1 04 and the EL driver TFTs 1 05, which control 
55 the operation of the EL elements 106 shown in Fig. 2, 
by a method which differs from that of Embodiment 1 is 

explained in Embodiment 4. Note that the structure of 
the sensor portion is the same as that shown by the em- 
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bodiment mode, and therefore Fig. 1 and Fig. 2 may be 
referenced. 

[01 32] A top view of an area sensor of Embodiment 4 
is shown in Fig. 8. Reference numeral 130 denotes a 
source signal line driver circuit, reference numeral 132 
denotes a gate signal line driver circuit, and both control 
the driving of the switching TFT 104 and the EL driver 
TFT 1 05. Further, reference numeral 1 31 denotes a sen- 
sor source signal line driver circuit, and reference nu- 
meral 133 denotes a sensor gate signal line driver cir- 
cuit, and both control the driving of the reset TFT 110, 
the buffer TFT 111, and the selection TFT 1 1 2. One each 
of the source signal line driver circuit and the gate signal 
line driver circuit are formed in Embodiment 4, but the 
present invention is not limited to this structure. Two 
source signal line driver circuits may also be formed. 
Further, two gate signal line driver circuits may also be 
formed. 

[0133] Note that the source signal line driver circuit 
130, the gate signal line driver circuit 132, the sensor 
source signal line driver circuit 1 31 , and the sensor gate 
signal line driver circuit 133 are referred to as a driver 
portion throughout this specification. 
[0134] The source signal line driver circuit 130 has a 
shift register 130a, a level shifter 130b, and a sampling 
circuit 130c. Note that the level shifter may be used 
when necessary, and it need not necessarily be used. 
Further, a structure is used in Embodiment 4 in which 
the level shifter is formed between the shift register 1 30a 
and the sampling circuit 130c, but the present invention 
is not limited to this structure. A structure in which the 
level shifter 130b is incorporated within the shift register 
130a may also be used. 

[01 35] A clock signal CLK and a start pulse signal SP 
are input to the shift register 130a in the source signal 
line driver circuit 130. A sampling signal is output from 
the shift register 1 30a in order to sample an analog sig- 
nal. The output sampling signal is input to the level shift- 
er 130b, and it electric potential amplitude is increased, 
and it is output. 

[0136] The sampling signal output from the level shift- 
er 1 30b is input to the sampling circuit 1 30c. The analog 
signal input to the sampling circuit 1 30c is then sampled 
by the sampling signal, and input to source signal lines 
SI to Sx. 

[0137] On the other hand, the gate signal line driver 

circuit 132 has a shift register and a buffer (neither 
shown in the figure). Further, the gate signal line driver 
circuit 132 may also have a level shifter in addition to 
the shift register and the buffer, depending upon the cir- 
cumstances. 

[0138] In the gate signal line driver circuit 132, agate 
signal is supplied to the buffer (not shown in the figure) 
from the shift register (also not shown in the figure), and 
this is supplied to a corresponding gate signal line. Gate 
electrodes of the switching TFTs 1 04 of one line portion 
of pixels are connected to the gate signal lines G1 to Gy, 
and all of the switching TFTs 1 04 of the one line portion 



of pixels must be placed in an ON state simultaneously, 
and therefore a buffer in which a large electric current 
is capable of flowing is used. 

[01 39] Note that the number of source signal line driv- 

5 er circuits and gate signal line driver circuits, their struc- 
ture, and their operation are not limited to the structure 
shown by Embodiment 4. The area sensor of the 
present invention is capable of using a known source 
signal line driver circuit and a known gate signal line driv- 

10 er circuit. 

[0140] Next, a timing chart for a case of driving the 
switching TFT 1 04 and the EL driver TFT 1 05 of the sen- 
sor portion by an analog method is shown in Fig. 9. A 
period through which all of the pixels of the sensor por- 
15 tion display light is referred to as one frame period F. 
One line period L denotes a period from the selection of 
one gate signal line until the selection of the next, sep- 
arate, gate signal line. For the case of the area sensor 
shown in Fig. 2, there are y gate signal lines, and there- 
to fore y line periods LI to Ly are formed within one frame 
period. 

[0141] The number of line periods within one frame 
period increases along with increasing resolution, and 
the driver circuits must be driven at a high frequency. 

25 [01 42] First, the electric potential of the electric power 
source supply lines VI to Vx is maintained at the con- 
stant electric power source potential. The opposing 
electric potential, the electric potential of the opposing 
electrodes of the EL elements 106, is also maintained 

30 at a constant electric potential. The electric power 
source potential has an electric potential difference with 
the opposing electric potential on the order that the EL 
elements 1 06 will emit light when the electric power sup- 
ply potential is applied to the pixel electrodes of the EL 

35 elements 106. 

[0143] In the first line period LI, all of the switching 
TFTs 104 connected to the gate signal line G1 are 
placed in an ON state in accordance with a gate signal 
input to the gate signal line G1 from the gate signal line 

40 driver circuit 132. The analog signal is then input to the 
source signal lines SI to Sx in order from the source 
signal line driver circuit 130. The analog signal input to 
the source signal lines SI to Sx is input to the gate elec- 
trodes of the EL driver TFTs 1 05 through the switching 

45 TFTs 1 04 which are in an ON state. 

[0144] The size of the electric current flowing in a 
channel forming region of the EL driver TFTs 1 05 is con- 
trolled by the height of the electric potential (voltage) of 
the signal input to the gate electrodes of the EL driver 

50 TFTs 1 05. Therefore, the electric potential applied to the 
pixel electrodes of the EL elements 106 is determined 
by the height of the electric potential of the analog signal 
input to the gate electrodes of the EL driver TFTs 105. 
The EL elements 105 are controlled by the electric po- 

55 tential of the analog signal, and perform the emission of 
light. Note that, in the case of Embodiment 4, the analog 
signal input to all of the pixels is maintained at an electric 
potential having the same height. 
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[0145] The first line period L1 is complete when input 
of the analog signal to the source signal lines S1 to Sx 
is completed. Note that the period until the input of the 
analog signal to the source signal lines S1 to Sx is com- 
plete may also be combined with a horizontal return pe- 
riod and taken as one line period. The second line period 
L2 begins next, and all of the switching TFTs 1 04 con- 
nected to the gate signal line G1 are placed in an OFF 
state. All of the switching TFTs 104 connected to the 
gate signal line G2 are then placed in an ON state in 
accordance with a gate signal input to the gate signal 
line G2. Then, similar to the first line period L1 , the an- 
alog signal is input in order to the source signal lines S1 
to Sx. 

[0146] The above operations are repeated up through 
the gate signal line Gy, and all of the line periods L1 to 
Ly are complete. When all of the line periods L1 to Ly 
are completed, one frame period is complete . The EL 
elements of all of the pixels perform light emission by 
completing one frame period. Note that all of the line 
periods L1 to Ly and a vertical return period may also 
be combined and taken as one frame period. 
[0147] It is necessary for the pixels to emit light in all 
of the sampling periods ST1 to STy with the present in- 
vention, and for the case of the driving method of Em- 
bodiment 4, it is important that the sensor frame period 
SF is included within the frame period. 
[01 48] Note that an explanation of a method of driving 
an area sensor for reading in a single color image is ex- 
plained in Embodiment 4, but a case of reading in a color 
image is similar. However, for an area sensor which 
reads in a color image, one frame period is divided into 
three subframe periods corresponding to RGB. An an- 
alog signal is then input to all of the pixels such that only 
the EL elements of pixels corresponding to R will emit 
light in an R subframe period, and only the EL elements 
for the color R perform light emission. The subframe pe- 
riods for G and B are similar, and only EL elements of 
pixels corresponding to the respective color perform 
light emission. 

[0149] For the case of an area sensor which reads in 
a color image, it is important that each sustain period of 
the three subframe periods corresponding to RGB con- 
tain a sensor frame period for R, G, and B (SFr, SFg, 
SFb), respectively. 

[0150] Note that if an analog video signal having im- 
age information is substituted for the analog signal for 
a case of displaying an image in the sensor portion 1 01 
in the driving method of Embodiment 4, display of the 
image in the sensor portion 101 becomes possible. 

Embodiment 5 

[01 51 ] A cross sectional diagram of an area sensor of 
the present invention is explained in Embodiment 5. 
[0152] Fig. 1 0 shows a cross sectional diagram of an 
area sensor of Embodiment 5. Reference numeral 401 
denotes a switching TFT, reference numeral 402 de- 



notes an EL driver TFT, 403 denotes a reset TFT, 404 
denotes a buffer TFT, and reference numeral 405 de- 
notes a selection TFT. 

[0153] Further, reference numeral 406 denotes a 

5 cathode, 407 denotes a photoelectric conversion layer, 
and reference numeral 408 denotes an anode. A pho- 
todiode 421 is formed by the cathode 406, the photoe- 
lectric conversion layer 407, and the anode 408. Refer- 
ence numeral 41 4 denotes a sensor wiring, and the sen- 
sor wiring is connects the anode 408 and an external 
electric power source. 

[01 54] Further, reference numeral 409 denotes a pixel 

electrode (cathode), 410 denotes a light emitting layer, 
411 denotes a hole injecting layer, and 412 denotes an 
opposing electrode (anode). An EL element 422 is 
formed by the pixel electrode (cathode) 409, the light 
emitting layer 410, the hole injecting layer 411, and the 
opposing electrode (anode) 412. Note that reference 
numeral 413 denotes a bank, and that the light emitting 
layers 410 of adjacent pixels are separated. 
[01 55] Reference numeral 423 denotes a subject, and 
light emitted from the EL element 422 is reflected by the 
subject 423 and is irradiated to the photodiode 421 . The 
subject 423 is formed on the side of a sensor substrate 
430 on which the TFTs are formed in Embodiment 5. 
[0156] The switching TFT 401 , the EL driver TFT 402, 
the buffer TFT 404, and the selection TFT 405 are all n- 
channel TFTs in Embodiment 5. Further, the reset TFT 

403 is a p-channel TFT. Note that the present invention 
is not limited to this structure. Therefore, the switching 
TFT 401 , the EL driver TFT 402, the buffer TFT 404, the 
selection TFT 405, and the reset TFT 403 may be either 
n-channel TFTs or p-channel TFTs. 
[0157] However, when a source region or a drain re- 
gion of the EL driver TFT 402 is electrically connected 
to the cathode of the EL element, as in Embodiment 5, 
it is preferable that the EL driver TFT 402 be an n-chan- 
nel TFT. Conversely, when the source region or the drain 
region of the EL driver TFT 402 is electrically connected 
to the anode of the EL element, it is preferable that the 
EL driver TFT 402 be a p-channel TFT. 
[01 58] Furthermore, when the a drain region of the re- 
set TFT 403 is electrically connected to the cathode 406 
of the photodiode 421 , as in Embodiment 5, it is prefer- 
able that the reset TFT 403 be a p-channel TFT, and 
that the buffer TFT 404 be an n-channel TFT. Converse- 
ly, when the drain region of the reset TFT 403 is electri- 
cally connected to the anode electrode 408 of the pho- 
todiode 421 , and the sensor wiring 41 4 is connected to 
the cathode electrode 406, it is preferable that the reset 
TFT 403 be an n-channel TFT, and that the buffer TFT 

404 be a p-channel TFT 

[0159] Note that it is possible to freely combine Em- 
bodiment 5 with Embodiments 1 to 4. 

Embodiment 6 

[0160] A cross sectional diagram of an area sensor of 
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the present invention, differing from tliat of Embodiment 

5, is explained in Embodiment 6. 

[0161] Fig. 11 shows a cross sectional diagram of an 
area sensor of Embodiment 6. Reference numeral 501 
denotes a switching TFT, reference numeral 502 de- 
notes an EL driver TFT, 503 denotes a reset TFT, 504 
denotes a buffer TFT, and reference numeral 505 de- 
notes a selection TFT. 

[0162] Further, reference numeral 506 denotes a 
cathode electrode, 507 denotes a photoelectric conver- 
sion layer, and reference numeral 508 denotes an an- 
ode electrode. A photodiode 521 is formed by the cath- 
ode electrode 506, the photoelectric conversion layer 
507, and the anode electrode 508. Reference numeral 
514 denotes asensor wiring, and the sensor wiring elec- 
trically connects the anode electrode 508 and an exter- 
nal electric power source. Further, the cathode elec- 
trode 506 of the photodiode 521 and a drain region of 
the reset TFT 503 are electrically connected. 
[0163] Reference numeral 509 denotes a pixel elec- 
trode (anode), 510 denotes an EL layer, and 511 de- 
notes an opposing electrode (cathode). An EL element 
522 is formed by the pixel electrode (anode) 509, the 
EL layer 51 0, and the opposing electrode (cathode) 511. 
Note that reference numeral 512 denotes a banl^, and 
that the EL layers 51 0 of adjacent pixels are separated. 
[0164] Reference numeral 523 denotes a subject, and 
light emitted from the EL element 522 is reflected by the 
subject 523 and is irradiated to the photodiode 521 . Dif- 
fering from Embodiment 5, the subject 523 is formed on 
the side of a sensor substrate 530 on which the TFTs 
are not formed in Embodiment 6. 
[0165] The switching TFT 501, the buffer TFT 504, 
and the selection TFT 505 are all n-channel TFTs in Em- 
bodiment 6. Further, the EL driver TFT 502 and the reset 
TFT 503 are p-channel TFTs. Note that the present in- 
vention is not limited to this structure. Therefore, the 
switching TFT 501, the EL driver TFT 502, the buffer 
TFT 504, the selection TFT 505, and the reset TFT 503 
may be either n-channel TFTs or p-channel TFTs. 
[0166] However, when a source region or a drain re- 
gion of the EL driver TFT 502 is electrically connected 
to the anode 509 of the EL element 522, as in Embodi- 
ment 6, it is preferable that the EL driver TFT 502 be a 
p-channel TFT. Conversely, when the source region or 
the drain region of the EL driver TFT 502 is electrically 
connected to the cathode of the EL element 522, it is 
preferable that the EL driver TFT 502 be an n-channel 
TFT 

[0167] Furthermore, when the drain region of the re- 
set TFT 503 is electrically connected to the cathode 

electrode 506 of the photodiode 521 , as in Embodiment 

6, it is preferable that the reset TFT 503 be a p-channel 
TFT, and that the buffer TFT 504 be an n-channel TFT. 
Conversely, when the drain region of the reset TFT 503 
is electrically connected to the anode electrode 508 of 
the photodiode 521, and the sensor wiring 514 is con- 
nected to the cathode electrode 506, it is preferable that 



the reset TFT 503 be an n-channel TFT, and that the 
buffer TFT 504 be a p-channel TFT. 
[01 68] Note the photodiode and the other TFTs of Em- 
bodiment 6 can be formed at the same time, and there- 
5 fore the number of process steps can be suppressed. 
[0169] Note also that it is possible to freely combine 
Embodiment 6 with Embodiments 1 to 4. 

Embodiment 7 

10 

[01 70] A cross sectional diagram of an area sensor of 
the present invention, differing from that of Embodiment 
5 and Embodiment 6, is explained in Embodiment 7. 
[0171] Fig. 12 shows a cross sectional diagram of an 

^5 area sensor of Embodiment 7. Reference numeral 601 
denotes a switching TFT, reference numeral 602 de- 
notes an EL driver TFT, 603 denotes a reset TFT, 604 
denotes a buffer TFT, and reference numeral 605 de- 
notes a selection TFT. 

20 [0172] Further, reference numeral 606 denotes a 
cathode electrode, 607 denotes a photoelectric conver- 
sion layer, and 608 denotes an anode electrode. A pho- 
todiode 621 is formed by the cathode electrode 606, the 
photoelectric conversion layer 607, and the anode elec- 
ts trode 608. Reference numeral 614 denotes a sensor 
wiring, and the sensor wiring connects the anode elec- 
trode 608 and an external electric power source. Fur- 
ther, the cathode electrode 606 of the photodiode 621 
and a drain region of the reset TFT 603 are electrically 

30 connected. 

[0173] Reference numeral 609 denotes a pixel elec- 
trode (anode), 610 denotes an EL layer, and 611 de- 
notes an opposing electrode (cathode). An EL element 
622 is formed by the pixel electrode (anode) 609, the 

35 EL layer 61 0, and the opposing electrode (cathode) 61 1 . 
Note that reference numeral 612 denotes a bank, and 
that the EL layers 61 0 of adjacent pixels are separated. 
[01 74] Reference numeral 623 denotes a subject, and 
light emitted from the EL element 622 is reflected by the 

40 subject 623 and is irradiated to the photodiode 621 . Dif- 
fering from Embodiment 5, the subject 523 is formed on 
the side of a sensor substrate 630 on which the TFTs 
are not formed in Embodiment 7. 
[0175] The switching TFT 601, the buffer TFT 604, 

45 and the selection TFT 605 are all n-channel TFTs in Em- 
bodiment 7. Further, the EL driver TFT 602 and the reset 
TFT 603 are p-channel TFTs. Note that the present in- 
vention is not limited to this structure. Therefore, the 
switching TFT 601, the EL driver TFT 602, the buffer 

50 TFT 604, the selection TFT 605, and the reset TFT 603 
may be either n-channel TFTs or p-channel TFTs. 
[0176] However, when a source region or a drain re- 
gion of the EL driver TFT 602 is electrically connected 
to the anode of the EL element, as in Embodiment 7, it 

55 is preferable that the EL driver TFT 602 be a p-channel 
TFT. Conversely, when the source region or the drain 
region of the EL driver TFT 602 is electrically connected 
to the cathode of the EL element, it is preferable that the 
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EL driver TFT 602 be an n-channel TFT. 
[0177] Furthermore, when the drain region of the re- 
set TFT 603 is electrically connected to the cathode 
electrode 606 of the photodlode 621 , as In Embodiment 
7, it is preferable that the reset TFT 603 be a p-channel 
TFT, and that the buffer TFT 604 be an n-channel TFT. 
Conversely, when the drain region of the reset TFT 603 
is electrically connected to the anode electrode 608 of 
the photodiode 621, and the sensor wiring 614 is con- 
nected to the cathode electrode 606, it is preferable that 
the reset TFT 603 be an n-channel TFT, and that the 
buffer TFT 604 be a p-channel TFT. 
[0178] Note that it is possible to freely combine Em- 
bodiment 7 with Embodiments 1 to 4. 

Embodiment 8 

[01 79] A cross sectional diagram of an area sensor of 
the present invention, differing from that of Embodi- 
ments 5 to 7, is explained in Embodiment 8. 
[01 80] Fig. 1 3 shows a cross sectional diagram of an 
area sensor of Embodiment 8. Reference numeral 701 
denotes a switching TFT, 702 denotes an EL driver TFT 
703 denotes a reset TFT, 704 denotes a buffer TFT, and 
705 denotes a selection TFT. 

[0181] Further, reference numeral 706 denotes a 
cathode electrode, 707 denotes a photoelectric conver- 
sion layer, and 708 denotes an anode electrode. A pho- 
todiode 721 is formed by the cathode electrode 706, the 
photoelectric conversion layer 707, and the anode elec- 
trode 708. Reference numeral 714 denotes a sensor 
wiring, and the sensor wiring connects the cathode elec- 
trode 706 and an external electric power source. Fur- 
ther, the anode electrode 708 of the photodiode 721 and 
a drain region of the reset TFT 703 are electrically con- 
nected. 

[0182] Reference numeral 709 denotes a pixel elec- 
trode (cathode), 710 denotes a light emitting layer, 711 
denotes a hole injecting layer and 712 denoted an op- 
posing electrode (anode). An EL element 722 is formed 
by the pixel electrode (cathode) 709, the EL layer 710, 
the hole injecting layer 711 , and the opposing electrode 
(anode) 712. Note that reference numeral 713 denotes 
a bank, and that the light emitting layers 71 0 of adjacent 
pixels are separated. 

[01 83] Reference numeral 723 denotes a subject, and 
light emitted from the EL element 722 is reflected by the 
subject 723 and is irradiated to the photodiode 721 . The 
subject 723 is formed on the side of a sensor substrate 
730 on which the TFTs are formed in Embodiment 8. 
[0184] The switching TFT 701 , the EL driver TFT 702, 
and the reset TFT 703 are all n-channel TFTs in Embod- 
iment 8. Further, the buffer TFT 704 and the selection 
TFT 705 are p-channel TFTs. Note that the present in- 
vention is not limited to this structure. Therefore, the 
switching TFT 701, the EL driver TFT 702, the buffer 
TFT 704, the selection TFT 705, and the reset TFT 703 
may be n-channel TFTs or p-channel TFTs. 



[0185] However, when a source region or a drain re- 
gion of the EL driver TFT 702 is electrically connected 
to the cathode 709 of the EL element 722, as in Embod- 
iment 8, it is preferable that the EL driver TFT 702 be 
5 an n-channel TFT. Conversely, when the source region 
or the drain region of the EL driver TFT 702 is electrically 
connected to the anode 71 2 of the EL element 722, it is 
preferable that the EL driver TFT 702 be a p-channel 
TFT. 

10 [0186] Furthermore, when the drain region of the re- 
set TFT 703 is connected to the anode electrode 708 of 
the photodiode 721 , as in Embodiment 8, it is preferable 
that the reset TFT 703 be an n-channel TFT, and that 
the buffer TFT 704 be a p-channel TFT. Conversely, 
15 when the drain region of the reset TFT 703 is electrically 
connected to the cathode electrode 706 of the photodi- 
ode 721 , and the sensor wiring 71 4 is connected to the 
anode electrode 708, it is preferable that the reset TFT 
703 be a p-channel TFT, and that the buffer TFT 704 be 
20 an n-channel TFT. 

[0187] Note the photodiode 721 and the other TFTs 
of Embodiment 8 can be formed at the same time, and 
therefore the number of process steps can be sup- 
pressed. 

25 [0188] Note also that it is possible to freely combine 
Embodiment 8 with Embodiments 1 to 4. 

Embodiment 9 

30 [0189] A method of manufacturing a sensor portion of 
an area sensor of this invention is explained using Figs. 
14 to 16. 

[0190] First, as shown in Fig. 14A, a base film 201 is 
formed to a thickness of 300 nm on a glass substrate 

35 200. A silicon oxinitride film is laminated as the base film 
201 in Embodiment 9. At this point, it is appropriate to 
set the nitrogen concentration to between 10 and 25 
wt% in the film contacting the glass substrate 200. In 
addition, it is effective that the base film 201 has a ther- 

40 mal radiation effect, and a DLC (diamond-like carbon) 
film may also be provided. 

[0191] Next, an amorphous silicon film (not shown in 
the figure) is formed with a thickness of 50 nm on the 
base film 201 by a known deposition method. Note that 

45 it is not necessary to limit to the amorphous silicon film, 
and a semiconductor film containing an amorphous 
structure (including a microcrystalline semiconductor 
film)may be used. In addition, acompound semiconduc- 
tor film containing an amorphous structure, such as an 

50 amorphous silicon germanium film, may also be used. 
Further, the film thickness may be made from 20 to 1 00 
nm. 

[0192] The amorphous silicon film is then crystallized 
by a known technique, forming a crystalline silicon film 
55 (also referred to as a polycrystalline silicon film or a poly- 
silicon film) 202. Thermal crystallization using an electric 
furnace, laser annealing crystallization using a laser 
light, and lamp annealing crystallization using an infra- 
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red light as known crystallization methods. Crystalliza- 
tion is performed in Embodiment 9 using an excimer la- 
ser light, which uses XeCI gas. 

[0193] Note that pulse emission excimer laser light 

formed into a linear shape is used in Embodiment 9, but 
a rectangular shape may also be used. Continuous 
emission type argon laser light and continuous emission 
type excimer laser light can also be used. 
[01 94] In this embodiment, although the crystalline sil- 
icon film is used as the active layer of the TFT, it is also 
possible to use an amorphous silicon film as the active 
layer. 

[0195] Note that it is effective to form the active layer 
of the switching TFT, in which there is a necessity to 
reduce the off current, by the amorphous silicon film, 
and to form the active layer of the current control TFT 
by the crystalline silicon film. Electric current flows with 
difficulty in the amorphous silicon film because the car- 
rier mobility is low, and the off current does not easily 
flow. In other words, the most can be made of the ad- 
vantages of both the amorphous silicon film, through 
which current does not flow easily, and the crystalline 
silicon film, through which current easily flows. 
[0196] Next, as shown in Fig. 14B, a protective film 
203 is formed on the crystalline silicon film 202 with a 
silicon oxide film having a thickness of 130 nm. This 
thickness may be chosen within the range of 1 00 to 200 
nm (preferably between 130 and 1 70 nm). Furthermore, 
another films such as insulating films containing silicon 
may also be used. The protective film 203 is formed so 
that the crystalline silicon film is not directly exposed to 
plasma during addition of an impurity, and so that it is 
possible to have delicate concentration control of the im- 
purity. 

[0197] Resist masks 204a, 204b, and 204c are then 
formed on the protective film 203, and an impurity ele- 
ment, which imparts n-type conductivity (hereafter re- 
ferred to as an n-type impurity element), is added 
through the protective film 203. Note that elements re- 
siding in periodic table group 15 are generally used as 
the n-type impurity element, and typically phosphorous 
or arsenic can be used. Note that a plasma doping meth- 
od is used, in which phosphine (PH3) is plasma-excited 
without separation of mass, and phosphorous is added 
at a concentration of 1 xlO'is atoms/cm^ in Embodiment 
9. An ion implantation method, in which separation of 
mass is performed, may also be used, of course. 
[0198] The dose amount is regulated such that the n- 
type impurity element is contained in n-type impurity re- 
gions (b) 205a, 205b thus formed by this process, at a 
concentration of 2x10''6 to 5x1019 atoms/cm^ (typically 
between 5 x lO"'^ and 5 x 10"" ^ atoms/cm^). 
[0199] Next, as shown in Fig. 14C, the protective film 
203 and the resist masks 204a, 204b, and 204c are re- 
moved, and an activation of the added n-type impurity 
elements is performed. A known technique of activation 
may be used as the means of activation, but activation 
is done in Embodiment 9 by irradiation of excimer laser 



light (laser annealing). Of course, a pulse emission ex- 
cimer laser and a continuous emission excimer laser 
may both, be used, and it is not necessary to place any 
limits on the use of excimer laser light. The goal is the 

5 activation of the added impurity element, and it is pref- 
erable that irradiation is performed at an energy level at 
which the crystalline silicon film does not melt. Note that 
the laser irradiation may also be performed with the pro- 
tective film 203 in place. 

10 [0200] The activation of impurity elements by heat 
treatment (furnace annealing) may also be performed 
along with activation of the impurity element by laser 
light. When activation is performed by heat treatment, 
considering the heat resistance of the substrate, it is 

^5 good to perform heat treatment at about 450 to 550°C. 
[0201] A boundary portion (connecting portion) with 
end portions of the n-type impurity regions (b) 205a, 
205b, namely regions, in which the n-type impurity ele- 
ment is not added, on the periphery of the n-type impu- 

20 rity regions (b) 205a, 205b, is delineated by this process. 
This means that, at the point when the TFTs are later 
completed, extremely good connecting portion can be 
formed between LDD regions and channel forming re- 
gions. 

25 [0202] Unnecessary portions of the crystalline silicon 

film are removed next, as shown in Fig. 1 4D, and island- 
shape semiconductor films (hereinafter referred to as 
active layers) 206 to 210 are formed. 
[0203] Then, as shown in Fig. 15A, a gate insulating 

30 film 21 1 is formed, covering the active layers 206 to 21 0. 
An insulating film containing silicon and with a thickness 
of 10 to 200 nm, preferably between 50 and 150 nm, 
may be used as the gate insulating film 211. A single 
layer structure or a lamination structure may be used. A 

35 110 nm thick silicon oxinitride film is used in Embodi- 
ment 9. 

[0204] Thereafter, a conductive film having a thick- 
ness of 200 to 400 nm is formed and patterned to form 
gate electrodes 212 to 216. In Embodiment 9, the gate 

40 electrodes and wirings (hereinafter referred to as gate 
wirings) electrically connected to the gate electrodes for 
providing conductive paths are formed of the same ma- 
terials. Of course, the gate electrode and the gate wiring 
may be formed of different materials from each other. 

45 More specifically, the gate wirings are made of a mate- 
rial having a lower resistivity than the gate electrodes. 
This is because a material enabling fine processing is 
used for the gate electrodes, while the gate wirings are 
formed of a material that can provide a smaller wiring 

50 resistance but is not suitable for fine processing. The 
wiring resistance of the gate wiring can be made ex- 
tremely small by using this type of structure, and there- 
fore a pixel display region (pixel portion) having a large 
surface area can be formed. Namely, the above de- 

55 scribed pixel structure is extremely effective when an 
area sensor with a sensor portion having a screen size 
of a 10 inch diagonal or larger (in addition, a 30 inch or 
larger diagonal) is realized. 
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[0205] Although the gate electrode can be made of a 
single-layered conductive film, it is preferable to form a 
lamination film with two layers or three layers, if neces- 
sary. Any known conductive films can be used for the 
gate electrodes 212 to 216. 

[0206] Typically, it is possible to use a film made of an 
element selected from the group consisting of aluminum 
(Al), tantalum (Ta), titanium (Ti), molybdenum (Mo), 
tungsten (W), chromium (Cr), and silicon (Si), a film of 
nitride of the above element (typically a tantalum nitride 
film, tungsten nitride film, or titanium nitride film), an al- 
loy film of combination of the above elements (typically 
Mo-W alloy or Mo-Ta alloy), or a silicide film of the above 
element (typically a tungsten silicide film or titanium sil- 
icide film). Of course, the films may be used as a single 
layer or a laminate layer. 

[0207] In Embodiment 9, a laminate film of a tungsten 
nitride (WN) film having a thickness of 30 nm and a tung- 
sten (W) film having a thickness of 370 nm is used. This 
may be formed by sputtering. When an inert gas such 
as Xe or Ne is added as a sputtering gas, film peeling 
due to stress can be prevented. 

[0208] The gate electrodes 213 and 216 are respec- 
tively formed at this time so as to overlap a portion of 
the n-type impurity regions (b) 205a and 205b through 
the gate insulating film 21 1 . This overlapping portion lat- 
er becomes an LDD region overlapping the gate elec- 
trode. 

[0209] Next, an n-type impurity element (phospho- 
rous is used in Embodiment 9) is added in a self-aligning 
manner with the gate electrodes 212 to 216 as masks, 
as shown in Fig. 15B. The addition is regulated such 
that phosphorous is added to n-type impurity regions (c) 
217 to 224 thus formed at a concentration of 1/10 to 1/2 
that of the n-type impurity regions (b) 205a and 205b 
(typically between 1/4 and 1/3). Specifically, a concen- 
tration of 1 X lO'is to 5 X ^0^^ atoms/cm^ (typically 3 x 
lO''^ to 3 X lO''^ atoms/cm^) is preferable. 
[0210] Resist masks 225a to 225c are formed next, 
with a shape covering the gate electrodes 212,214 and 
215, as shown in Fig. 15C, and an n-type impurity ele- 
ment (phosphorous is used in Embodiment 9) is added, 
forming impurity regions (a) 226 to 233 containing phos- 
phorous at high concentration. Ion doping using phos- 
phine (PH3) is also performed here, and the phospho- 
rous concentration of these regions is regulated so as 
to be set to from 1 x lO^o to 1 x lO^i atoms/cm^ (typ- 
ically between 2 x lO^o and 5 x lO^i atoms/cm^). 
[0211] A source region or a drain region of the n-chan- 
nel TFT is formed by this process, and in the n-channel 
TFT, a portion of the n-type impurity regions (c) 21 7, 21 8, 
222, and 223 formed by the process of Fig. 15B is re- 
mained. These remaining regions correspond to LDD 
regions. 

[0212] Next, as shown in Fig. 15D, the resist masks 
225a to 225c are removed, and new resist masks 234a 
and 234b are formed. A p-type impurity element (boron 
is used in Embodiment 9) is then added, forming p-type 



impurity regions 235 and 236 containing boron at high 
concentration. Boron is added here at a concentration 
of 3 X 1020 to 3 X 1021 atoms/cm^ (typically between 5 
X 1020 and 1 x 1021 atoms/cm^) by ion doping using di- 

5 borane (B2He). 

[0213] Note that phosphorous has already been add- 
ed to the impurity regions 235 and 236 at a concentra- 
tion of 1 x 1 0^0 to 1 X 1 0^i atoms/cm^, but boron is added 
here at a concentration of at least 3 times or more that 

10 of the phosphorous. Therefore, the n-type impurity re- 
gions already formed completely invert to p-type, and 
function as p-type impurity regions. 
[0214] Next, after removing the resist masks 234a 
and 234b, the n-type or p-type impurity elements added 

15 to the active layer at respective concentrations are ac- 
tivated. Furnace annealing, laser annealing or lamp an- 
nealing can be used as a means of activation. In Em- 
bodiment 9, heat treatment is performed for 4 hours at 
550°C in a nitrogen atmosphere in an electric furnace. 

20 [0215] At this time, it is important to eliminate oxygen 
from the surrounding atmosphere as much as possible. 
This is because an exposed surface of the gate elec- 
trode is oxidized, which results in an increased resist- 
ance if only a small amount of oxygen exists. Accord- 

25 ingly, the oxygen concentration in the surrounding at- 
mosphere for the activation process is set at 1 ppm or 
less, preferably at 0.1 ppm or less. 
[0216] A first interlayer insulating film 237 is formed 
next, as shown in Fig. 1 6A. A single layer insulating film 

30 containing silicon is used as the first interlayer insulating 
film 237, or a lamination film may be used. Further, a 
film thickness of between 400 nm and 1.5 |Lim may be 
used. A lamination structure of asilicon oxide film having 
a thickness of 800 nm on a silicon oxinitride film having 

35 a thickness of 200 nm thick is used in Embodiment 9. 
[0217] In addition, heat treatment is performed for 1 
to 1 2 hours at 300 to 450°C in an atmosphere containing 
between 3 and 100% hydrogen, performing hydrogen- 
ation. This process is one of hydrogen termination of 

40 dangling bonds in the semiconductor film by hydrogen, 
which is thermally excited. Plasma hydrogenation (us- 
ing hydrogen excited by plasma) may also be performed 
as another means of hydrogenation. 
[0218] Note that the hydrogenation processing may 

45 also be inserted during the formation of the first interlay- 
er insulating film 237. Namely, hydrogen processing 
may be performed as above after forming the 200 nm 
thick silicon oxinitride film, and then the remaining 800 
nm thick silicon oxide film may be formed. 

50 [0219] Next, a contact hole is formed in the gate insu- 
lating film 211 and the first interlayer insulating film 237, 
and source wirings 238 to 242 and drain wirings 243 to 
247 are formed. In this embodiment, this electrode is 
made of a laminate film of three-layer structure in which 

55 a titanium film having a thickness of 100 nm, an alumi- 
num film containing titanium and having a thickness of 
300 nm, and a titanium film having a thickness of 150 
nm are continuously formed by sputtering. Of course. 
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other conductive films may be used. 
[0220] A first passivation film 248 is formed next with 
a thickness of 50 to 500 nm (typically between 200 and 
300 nm). A 300 nm thick silicon oxinitride film is used as 
the first passivation film 248 in Embodiment 9. This may 
also be substituted by a silicon nitride film. Note that it 
is effective to perform plasma processing using a gas 
containing hydrogen such as H2 or NH3 before the for- 
mation of the silicon oxinitride film. Hydrogen activated 
by this preprocess is supplied to the first interlayer insu- 
lating film 237, and the film quality of the first passivation 
film 248 is improved by performing heat treatment. At 
the same time, the hydrogen added to the first interlayer 
insulating film 237 diffuses to the lower side, and the 
active layers can be hydrogenated effectively. 
[0221] Next, a second interlayer insulating film 249 
made of organic resin is formed as shown in Fig. 16B. 
As the organic resin, it is possible to use polyimide, 
polyamide, acryl, BCB (benzocyclobutene) or the like. 
Especially, since the second interlayer insulating film 
249 is primarily used for leveling, acryl excellent in lev- 
eling properties is preferable. In this embodiment, an 
acrylic film is formed to a thickness sufficient to level a 
stepped portion formed by TFTs. It is appropriate that 
the thickness is made 1 to 5 |Lim (more preferably, 2 to 
4 |Lim). 

[0222] Next, a contact hole is formed in the second 
interlayer insulating film 249 and the first passivation film 
248 so as to reach the drain wiring 245, and a cathode 
electrode 250 of a light receiving diode (photoelectric 
converting element) is formed so as to contact the drain 
wiring 245. In embodiment 9, an aluminum film formed 
by sputtering is used as the cathode electrode 250, but 
other metals, for example titanium, tantalum, tungsten, 
and copper can also be used. Further, a lamination film 
made from titanium, aluminum, and titanium may also 
be used. 

[0223] Patterning is next performed after depositing 

an amorphous silicon film containing hydrogen over the 
entire surface of the substrate, and a photoelectric con- 
version layer 251 is formed. Then, a transparent con- 
ductive film is formed on the entire surface of the sub- 
strate. A 200 nm thick ITO film is deposited by sputtering 
as the transparent conductive film in Embodiment9. The 
transparent conductive film is patterned, forming an an- 
ode electrode 252. (Fig. 16C.) 

[0224] A third interlayer insulating film 253 is then 
formed, as shown in Fig. 17A. A level surface can be 
obtained by using a resin such as polyimide, polyamide, 
polyimide amide, or acrylic as the third interlayer insu- 
lating film 253. A polyimide film having a thickness of 
0.7 |Lim is formed over the entire surface of the substrate 
as the third interlayer insulating film 253 in Embodiment 
9. 

[0225] A contact hole is next formed in the third inter- 
layer insulating film 253, the second interlayer insulating 
film 249, and the first passivation film 248 so as to reach 
the drain wiring 247, and a pixel electrode 255 is formed. 



Further, a contact hole for reaching the anode electrode 
252 is formed in the third interlayer insulating film 253, 
and a sensor wiring 254 is formed. A 300 nm thick alu- 
minum alloy film (an aluminum film comprising titanium 
5 of 1 wt%) is formed in Embodiment 9, and then pattern- 
ing is performed, forming the sensor wiring 254 and the 
pixel electrode 255 at the same time. Then, as shown 
in Fig. 178, a bank 256 made of a resin material is 
formed. The bank 256 may be formed by patterning an 
10 acrylic film or a polyimide film having a thickness of 1 to 
2 ^im. The bank 256 is formed having a stripe shape 
between pixels. The bank 256 may be formed along and 
on the source wiring 241, and it may also be formed 
along and on the gate wiring ( not shown in drawing). 
^5 Note that a material such as a pigment may be mixed 
into the resin material forming the bank 256, and the 
bank 256 may be used as a shielding film. 
[0226] A light emitting layer 257 is next formed. Spe- 
cifically, an organic EL material to form the light emitting 
20 layer 257 is dissolved in a solvent such as chloroform, 
dichloromethane, xylene, toluene, and tetrahydrofuran, 
and is then applied. Thereafter, heat treatment is per- 
formed to volatilize the solvent. In this way, a film (light 
emitting layer) made of the organic EL material is thus 
25 formed. 

[0227] It is to be noted that only one pixel is illustrated 
in Embodiment 9. However, a light emitting layer lumi- 
nescing red color, a light emitting layer luminescing 
green color, and a light emitting layer luminescing blue 
30 color are all formed at the same time at this point. In 
Embodiment 9, a cyano-paraphenylene vinylene is 
used for forming the light emitting layer luminescing red 
color, a paraphenylene vinylene for the light emitting lay- 
er luminescing green color, and apolyalkylphenylenefor 
35 the light emitting layer luminescing blue color. Each of 
these light emitting layers is formed to a thickness of 50 
nm. In addition, 1.2 dichloromethane is used as a sol- 
vent, and then volatilized by performing heat treatment 
on a hot plate at 80 to 150°C for 1 to 5 minutes. 
40 [0228] Next, a hole injection layer 258 is formed to a 
thickness of 20 nm. Since the hole injection layer 258 
may be provided commonly for all the pixels, it is appro- 
priate to form the hole injection layer by utilizing the spin 
coating method or the printing method. In Embodiment 
45 9, polythiophene (PEDOT) is applied as a solution, and 
heat treatment is performed on a hot plate at 100 to 
150°C for 1 to 5 minutes to thereby volatilize its mois- 
ture. In this case, the hole injection layer 258 can be 
formed without dissolving the light emitting layer 257 be- 
50 cause polyphenylene vinylene or polyalkylphenylene is 
insoluble. 

[0229] It is possible to use a low molecular organic EL 
material as the hole injection layer 258. In this case, it 
is appropriate to form the hole injection layer by the 
55 evaporation method. 

[0230] A two-layered structure made of the light emit- 
ting layer and the hole injection layer is formed in Em- 
bodiment 9. However, other layers such as a hole trans- 
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porting layer, an electron injection layer, and an electron 
transporting layer may also be provided. Examples of 
various lamination structures of sucli combination of lay- 
ers have been reported, and any structure may be used 
for the present invention. 5 
[0231] After the formation of the light emitting layer 
257 and the hole injection layer 258, an anode 259 made 
of a transparent conductive film is formed to a thickness 
of 1 20 nm as a counter electrode. In Embodiment 9, in- 
dium oxide doped with 10 to 20 wt% of zinc oxide, is io 
used for the transparent conductive film. As the film dep- 
osition method, it is preferable to form the anode 259 by 
evaporation at room temperature so that the light emit- 
ting layer 257 and the hole injection layer 258 are not 
deteriorated. 15 
[0232] After the formation of the anode 259, as shown 
in Fig. 17B, a fourth interlayer insulating film 260 is 
formed. A level surface can be obtained by using a resin 
such as polyimide, polyamide, polyimide amide, or 
acrylic as the fourth interlayer insulating film 260. A poly- 20 
imide film having a thickness of 0.7 |Lim is formed over 
the entire surface of the substrate as the fourth interlayer 
insulating film 260 in Embodiment 9. 
[0233] A sensor substrate having a structure as 
shown in Fig. 1 7B is thus completed. Note that after the 25 
formation of the bank 256, it is effective to use the multi- 
chamber method (or the in-line method) of the thin film 
deposition apparatus for the process of forming the films 
until the formation of the fourth interlayer insulating film 
260, in succession and without exposure to the atmos- 30 
phere. 

[0234] Reference numeral 270 shows a buffer TFT, 
271 shows a selective TFT, 272 shows reset TFT, 273 
shows a switching TFT, and 274 shows EL driving TFT. 
[0235] In embodiment 9, the buffer TFT 270 and the 35 
switching TFT 273 are an n-channel TFT, and both of 
source region side and drain region side have LDD re- 
gions 281 to 284. Note that the LDD regions 281 to 284 
do not overlap with the gate electrodes 212 and 215 
through the gate insulating film 211. The above consti- 40 
tution of the buffer TFT 270 and the switching TFT 273 
can reduce the hot carrier injection as much as possible. 
[0236] The formation of the LDD regions 283 and 286 
on only the drain region side is in consideration of re- 
ducing the hot carrier injection and not causing the op- ^5 
erating speed to drop. Further, it is not necessary to be 
too concerned with the value of the off current for the 
selection TFT 271 and EL driving TFT 274, and more 
importance may be placed on the operating speed. It is 
therefore preferable for the LDD regions 283 and 286 to 50 
completely overlap with the gate electrodes 213 and 
216, and to reduce resistive components as much as 
possible. Namely, the so-called offset should be elimi- 
nated. In particular, when the source signal line driver 
circuit or the gate signal line driving circuit is driven at 55 
1 5V to 20V, the above constitution of the EL driving TFT 
274 of the embodiment 9 is effective to reduce the hot 
carrier injection and also not to drop the operation 



40 
speed. 

[0237] Furthermore, in embodiment 9, a reset TFT 
272 is p-channel TFT and has no LDD region. Degra- 
dation due to hot carrier injection is almost of no concern 
for the p-channel TFTs, and therefore LDD regions do 
not have to be formed in particular. It is also possible, 
of course, to form an LDD region similar to that of an n- 
channel TFT to take action against hot carriers. Further, 
the reset TFT 272 may be an n-channel type TFT. 
[0238] Note that, in practice, after completing through 
Fig. 17B, it is preferable to perform packaging (sealing) 
using a protective film (such as a laminate film or an ul- 
traviolet hardened resin film), or a light transmitting seal- 
ing member, having high airtight properties and little out- 
gassing, in order to have no exposure to the atmos- 
phere. The EL element reliability is increased if the in- 
side of the sealing member is filled with an inert gas at- 
mosphere and a drying agent (barium oxide, for exam- 
ple) is arranged within the sealing member. 
[0239] Further, after increasing airtightness by the 
packaging process, the device is completed as a man- 
ufactured product by attaching a connector (flexible 
printed circuit, FPC) for connecting terminals pulled 
around from the elements or circuits formed on the sub- 
strate with external signal terminals . This shipping- 
ready state is referred to as an EL display (EL module) 
throughout this specification. 

[0240] Note that the present invention is not limited to 
the manufacturing method mentioned above and it is 
possible to manufacture by the known method. Note that 
it is possible to combine this embodiment 9 with embod- 
iments 1 to 4. 

Embodiment 10 

[0241] A method of manufacturing an area sensor 
used in the present invention is explained using Figs. 
18Ato21B. 

[0242] A non-alkaline glass substrate is used in a sub- 
strate 300 in Fig. ISA, typically, for example, a Corning 
Corp. 1737 glass substrate. A base film 301 is then 
formed by plasma CVD or sputtering on a surface of the 
substrate 300 on which TFTs will be formed. Although 
not shown in the figures the base film 301 is formed from 
a 25 to 1 00 nm (typically 50 nm) thick silicon nitride film 
and a 50 to 300 nm (typically 1 50 nm) thick silicon oxide 
film. Further, the base film 301 may also use only a sil- 
icon nitride film or only a silicon nitride oxide film. 
[0243] Next, a 50 nm thick non-crystalline silicon film 
is formed on the base film 301 by plasma CVD. Although 
depending upon the amount of hydrogen contained in 
the non-crystalline silicon film, dehydrogenation is per- 
formed by heat treatment preferably for several hours 
between 400 and 550°C, and a crystallization process 
is preferably performed with the amount of contained hy- 
drogen equal to or less than 5 atom%. Further, the non- 
crystalline silicon film may also be formed by another 
method of manufacture, such as sputtering or evapora- 
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tion, but it is preferable that the amount of impurity ele- 
ment such as oxygen and nitrogen contained within the 
film be sufficiently reduced. 

[0244] The base film and the non-crystalline silicon 

film are both manufactured by plasma CVD here, and 5 
the base film and the non-crystalline silicon film may al- 
so be formed in succession within a vacuum. By using 
a process in which there is no exposure to the atmos- 
phere after forming the base film 301 , it becomes pos- 
sible to prevent surface contamination, and dispersion io 
in the characteristics of the manufactured TFT can be 
reduced. 

[0245] The non-crystalline silicon film is then crystal- 
lized by a known method, thereby forming a crystalline 
silicon film (also referred to as a polycrystalline silicon ^5 
film and a polysilicon film) 302. (See Fig. 1 8A) A thermal 
crystallization method using an electric furnace, a laser 
anneal crystallization method using laser light, and a 
lamp anneal crystallization method using infrared light 
exist as known crystallization methods. Crystallization 20 
is performed in Embodiment 1 0 using excimer laser light 
from a XeCI gas. 

[0246] Note that a pulse emission type excimer laser 
light processed into a linear shape is used in Embodi- 
ment 1 0, but a rectangular shape may also be used, and 25 
continuous emission type argon laser light and continu- 
ous emission type excimer laser light can also be used. 
[0247] Further, the crystalline silicon film 302 is used 
as an active layer of a TFT in Embodiment 10, but it is 
also possible to use the non -crystalline silicon film as 30 
the active layer. 

[0248] Note that it is effective to form the active layer 
of a switching TFT, in which it is necessary to reduce the 
off current, by the non-crystalline silicon film, and that it 
is effective to form the active layer of an EL driver TFT 35 
by the crystalline silicon film. The non-crystalline silicon 
film has a low carrier mobility, and therefore it becomes 
difficult for electric current to flow, and the off current 
does not flow easily. In other words, advantages of both 
the non-crystalline silicon film, in which it is difficult for 40 
electric current to flow, and the crystalline silicon film, in 
which electric current easily flows, can be given. 
[0249] The crystalline silicon film 302 thus formed is 
patterned, forming island shape semiconductor layers 
(hereafter referred to as active layers) 303 to 308. ^5 
[0250] A gate insulating film 309 is formed next from 
a material having silicon oxide or silicon nitride as its 
main constituent, covering the active layers 303 to 308. 
The gate insulating film 309 may be formed from a sili- 
con nitride oxide film having a thickness of 10 to 200 50 
nm, preferably from 50 to 150 nm, manufactured by 
plasma CVD with N2O and SiH4 as raw materials. A 1 00 
nm thickness is formed here. (See Fig. 18B) 
[0251] A first conducting film 310 which becomes a 
first gate electrode, and a second conducting film 311 55 
which becomes a second gate electrode, are then 
formed on the surface of the gate insulating film 309. 
The first conducting film 31 0 may be formed by a sem- 



iconductor film of one element selected from the group 
consisting of Si and Ge, or from a semiconductor film 
having one of the elements as its main constituent. Fur- 
ther, the thickness of the first conducting film 310 must 
be from 5 to 500 nm, preferably between 1 0 and 30 nm. 
A 20 nm thick Si film is formed here. 
[0252] An impurity element which imparts n-type or p- 
type conductivity may be added to the semiconductor 
film used as the first conducting film 31 0. A known meth- 
od may be followed for the method of manufacture of 
this semiconductor film. For example, it can be manu- 
factured by reduced pressure CVD with a substrate tem- 
perature between 450 and 500°C, and disilane (Si2Hg) 
introduced at 250 SCCM and helium (He) introduced at 
300 SCCM. PH3 may also be simultaneously mixed in 
to Si2He 0.1 to 2% at this time, forming an n-type sem- 
iconductor film. The second conducting film 311 which 
becomes the second gate electrode may be formed 
from an element selected from the group consisting of 
Ti, Ta, W, and Mo, or from a compound having one of 
these elements as its main constituent. This is in con- 
sideration of lowering the electric resistance of the gate 
electrode, and an Mo-W compound may be used, for 
example. Ta is used here, and is formed by sputtering 
to a thickness of 200 to 1 000 nm, typically 400 nm. (See 
Fig. 18C) 

[0253] A resist mask is formed next using a known 
patterning technique, and a step of etching the second 
conducting film 31 1 and forming second gate electrodes 
312 to 317 is performed. The second conducting film 
311 is formed by a Ta film, and therefore dry etching is 
performed. Dry etching is performed with the following 
conditions: CI2 introduced at 80 SCCM, a pressure of 
1 00 mTorr, and a high frequency electric power input of 
500 W. The second gate electrodes 31 2 to 31 7 are thus 
formed as shown in Fig. 18D. 

[0254] Even if a slight residue is confirmed after etch- 
ing, it can be removed by washing with SPX cleaning 
liquid or a solution such as EKC. 
[0255] Further, the second conducting film 311 can al- 
so be removed by wet etching. For example, it can easily 
be removed by a fluorine etching liquid when Ta is used. 
[0256] A process of adding an n-type impurity element 
is performed next. This process is one for forming an 
LDD region. Ion doping is performed here using phos- 
phine (PH3). Phosphorous is added to through the gate 
insulating film 309 and the first conducting film 31 0 and 
into the active layers 303 to 308 by this process, and 
therefore the acceleration voltage is set rather high at 
80 keV. The concentration of phosphorous added to the 
active layers 303 to 308 is preferably in a range from 
1 X10^6 to 1 X10^9 atoms/cm3, and is set to 1x10^^ ^t- 
oms/cm^ here. Regions (n- regions) 320 to 331 of the 
active layers in which phosphorous is added at the 
above concentration are formed. (See Fig. 18D) 
[0257] This phosphorous is also added to a region of 
the first conducting film 31 0 in which it does not overlap 
with the second gate electrodes 312 to 31 7. The phos- 
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phorous concentration of this region is not prescribed in 
particular, but an effect of lowering the resistivity of the 
first conducting layer 310 can be obtained. 
[0258] Next, regions which form n-channel TFTs are 
covered by resist masks 332 and 334, and a process of 
removing a portion of the first conducting film 31 0 is per- 
formed. This is performed by dry etching here. The first 
conducting film 310 is Si, and therefore dry etching is 
performed with the following conditions: CF4 introduced 
at 50 SCCM, O2 introduced at 45 SCCM, a pressure of 
50 mTorr, and a high frequency electric power input of 
200 W. As a result, portions 336 and 338 of the first con- 
ducting film and the first gate electrodes 337 and 339 
remain. 

[0259] A process of adding a p-type impurity element 
into regions which form p-channel TFTs is then per- 
formed. The impurity element is added by ion doping 
using diborane (B2He). The acceleration voltage is also 
set to 80 keV here, and boron is added at a concentra- 
tion of 2x1 0^0 atoms/cm^. Impurity regions (p+ regions) 
340 to 343 in which boron is added at high concentration 
are formed, as shown in Fig. 19A. 
[0260] In addition, the resist masks 332 and 334 are 
completely removed, and new resist masks 348 to 353 
are formed. Portion of the first conducting films 336 and 
338 are then etched using the resist masks 348, 349, 
351 , and 352, and new portions 354, 355, and 357 of 
the first conducting film, and a first gate electrode 356, 
are formed. 

[0261] A process of adding an n-type impurity element 
is then performed. Ion doping using phosphine (PH3) is 
performed here. Phosphorous is added through the gate 
insulating film 309 and into the active layers below, and 
therefore a rather high acceleration voltage of 80 keV is 
also set by this process. Regions (n+ regions) 358 to 
365 to which phosphorous has been added are formed. 
The concentration of phosphorous in these regions is 
high when compared to the n- regions, and it is prefer- 
able that it be from 1 X10^9 to 1x10^1 atoms/cm^. The 
concentration is set to 1 x1 O^o atoms/cm^ here. (See Fig. 
1 9B) Regions of the n- regions 320, 321 , 322, 323, 328, 
and 329 covered by the resist masks 348, 349, and 352 
are determined as LDD regions by this process. 
[0262] In addition, the resist masks 348 to 353 are re- 
moved, and new resist masks 366 to 371 are formed. 
The resist masks 366, 367, and 370 are formed with an 
aim of forming first gate electrodes from portions of the 
first conducting films 354, 355, and 357. LDD regions 
can be freely determined in a region which overlaps with 
the first gate electrode through the gate insulating film 
309, and in a region which does not overlap, by the 
length of the resist masks. The length in the longitudinal 
direction of the channel of the resist masks 366, 367, 
and 370 for forming n-channel TFTs is very important in 
determining the structure of the channel forming regions 
of the TFTs (see Fig. 19C). 

[0263] First gate electrodes 372, 373, 359, and 374 
are formed, as shown in Fig. 20A. 



[0264] The resist masks 366 to 371 are removed next, 
and a process of forming an insulating film 375 and a 
first interlayer insulating film 376 is performed. The in- 
sulating film 375 is formed first from silicon nitride of a 

5 thickness of 50 nm. The insulating film 375 is formed by 
plasma CVD under the following conditions: SiH4 intro- 
duced at 5 SCCM, NH3 introduced at 40 SCCIVI, and 
introduced at 100 SCCM, a pressure of 0.7 Torr, and a 
high frequency electric power input of 300 W. Continu- 

10 ing, a silicon oxide film is then formed of a thickness of 
950 nm under the following conditions: TEOS intro- 
duced at 500 SCCM, O2 introduced at 50 SCCM, a pres- 
sure of 1 Torr, and a high frequency electric power input 
of 200 W. 

15 [0265] A heat treatment process is then performed. It 
is necessary to perform the heat treatment process in 
order to activate the impurity elements which impart n- 
type of p-type conductivity and which have been added 
at various concentrations . Thermal annealing using an 
20 electric heating furnace, laser annealing using the 
above excimer laser, and rapid thermal annealing (RTA) 
using a halogen lamp may be used for the heat treat- 
ment process. The activation process is performed by 
thermal annealing here. The heat treatment process is 
25 performed at a temperature of 300 to 700°C, preferably 
between 350 and 550°C, at 450°C here, in a nitrogen 
environment for 2 hours. 

[0266] Contact holes are formed next in the first inter- 
layer insulating film 376 and in the insulating film 375 in 
30 order to reach the source and drain regions of the re- 
spective TFTs, and source wirings 377 to 382 and drain 
wirings 383 to 388 are formed. Although not shown in 
the figures, a three layer structure in which a 100 nm 
thick Ti film, a 300 nm thick Al film containing Ti, and a 
35 150 nm thick Ti film formed in succession by sputtering 
is used in Embodiment 10. (See Fig. 20B) 
[0267] A passivation film 390 is formed next, covering 
the source wirings 377 to 382, the drain wirings 383 to 
388, and the first interlayer insulating film 376. The pas- 
40 sivation film 390 is formed by a silicon nitride film having 
a 50 nm thickness. In addition, a second interlayer in- 
sulating film 391 is formed from an organic resin having 
a thickness of about 1000 nm. Materials such as poly- 
imide, acrylic, and polyimide amide can be used as the 
45 organic resin film. The following can be given as advan- 
tages of the organic resin film: the method of film forma- 
tion is simple; its specific dielectric constant is low, and 
therefore the parasitic capacitance can be reduced; and 
it has superior leveling characteristics. Note that organic 
50 resin films other than those stated above can also be 
used. A heat polymerizing type polyimide is used here, 
and after application to the substrate, it is formed by fir- 
ing at300°C. (See Fig. 20C) 

[0268] Contact holes for reaching the drain wirings 
55 388 and 386 are formed next in the second interlayer 
insulating film 391 and in the passivation film 390, and 
a pixel electrode 392 and a sensor wiring 393 are 
formed. An indium oxide and tin oxide (ITO) film is 
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formed with a 11 0 nm thickness in Embodiment 1 0, and 
then patterning is performed, forming the sensor wiring 
393 and the pixel electrode 392 simultaneously. Further, 
a transparent conducting film In which between 2 and 
20% of zinc oxide (ZnO) is mixed into indium oxide may 5 
also be used. The pixel electrode 392 becomes an an- 
ode of an EL element. (See Fig. 21 A) 
[0269] A bani< 394 Is formed next from a resin mate- 
rial. The bank 394 may be formed by patterning an acryl- 
ic film or a polyimide film having a thickness of 1 to 2 io 
|xm. The bank 394 is formed between pixels in a stripe 
shape. The bank 394 may be formed on and along the 
source wiring 381, and it may be formed on and along 
a gate wiring (not shown in the figures). Note that the 
bank394 may also be used as a shielding film by mixing ^5 
a pigment or the like into the resin material which forms 
the bank 394. 

[0270] An EL layer 395 and a cathode (MgAg elec- 
trode) 396 are formed next in succession, without expo- 
sure to the atmosphere, using a vacuum evaporation 20 
method. Note that the film thickness of the EL layer 395 
may be set from 80 to 200 nm (typically between 100 
and 1 20 nm), and the thickness of the cathode 396 may 
be set from 180 to 300 nm (typically 200 to 250 nm). 
Note also that only one pixel is shown in the figures In 25 
Embodiment 10, but an EL layer which emits red color 
light, an EL layer which emits green color light, and an 
EL layer which emits blue color light are formed at the 
same time. 

[0271] The EL layer 395 and the cathode 396 are 30 

formed one after another with respect to pixels corre- 
sponding to the color red, pixels corresponding to the 
color green, and pixels corresponding to the color blue. 
However, the EL layers 395 have weak resistance with 
respect to a solution, and therefore each of the colors 35 
must be formed separately without using a photolithog- 
raphy technique. It is preferable to cover areas outside 
of the desired pixels using a metal mask, and selectively 
form the EL layer 395 and the cathode 396 only in nec- 
essary locations. 40 
[0272] I n other words, a mask is first set so as to cover 
all pixels except for those corresponding to the color red, 
and the EL layer for emitting red color light and the cath- 
ode are selectively formed using the mask. Next, a mask 
is set so as to cover all pixels except for those corre- ^5 
spending to the color green, and the EL layer for emitting 
green color light and the cathode are selectively formed 
using the mask. Similarly, a mask is set so as to cover 
all pixels except for those corresponding to the color 
blue, and the EL layer for emitting blue color light and 50 
the cathode are selectively formed using the mask. Note 
that the use of all different masks is stated here, but the 
same mask may also be reused. Further, it is preferable 
to process without releasing the vacuum until the EL lay- 
ers and the cathodes are formed for all of the pixels. 55 
[0273] Note that the EL layer 395 Is a single layer 
structure of a light emitting layer in Embodiment 1 0, but 
the EL layer may also have, in addition to the light emit- 



ting layer, layers such as a hole transporting layer, a hole 
injecting layer, an electron transporting layer, and an 
electron injecting layer. Various examples of these types 
of combinations have already been reported upon, and 
all of the structure may be used. A known material can 
be used as the EL layer 395. Considering the EL driver 
voltage, it is preferable to use a known material which 
is an organic material. Further, an example of using an 
MgAg electrode as the cathode of the EL element Is 
shown in Embodiment 10, but It Is also possible to use 
other known materials. 

[0274] A sensor substrate having a structure as 
shown in Fig. 21 B is thus completed. Note that it is ef- 
fective to process from after forming the bank 394 up 
through the formation of the cathode 396 in succession, 
without exposure to the atmosphere, using a multi- 
chamber method (or an in-line method) thin film forma- 
tion apparatus. 

[0275] A method of manufacturing the TFTs of the 
sensor portion is explained In Embodiment 1 0, but TFTs 
of a driver portion may also be formed on the substrate 
at the same time by referring to the above processes. 
[0276] Reference numeral 491 denotes a buffer TFT, 
reference numeral 492 denotes a selection TFT, 493 de- 
notes a reset TFT, 494 denotes a photodiode TFT, 495 
denotes a switching TFT, and reference numeral 496 
denotes an EL driver TFT. 

[0277] A single gate structure is used for the switching 
TFT 495 in Embodiment 1 0, but a double gate structure 
may also be used, and a multi-gate structure possessing 
three or more gates may also be used. By making the 
switching TFT 495 a double gate structure, the structure 
effectively becomes two TFTs connected in series, 
which has the advantage of being able to reduce the 
amount of off current. 

[0278] Note that the first gate electrode 356 and the 
second gate electrode 315 formed on the photodiode 
494 are maintained at an electric potential at which an 
electric current does not flow in a photoelectric conver- 
sion layer 497 formed between an anode electrode 498 
and a cathode electrode 499 when light is not Irradiated 
to the photodiode 494 in Embodiment 10. 
[0279] Further, the LDD regions formed In all of the 
TFTs do not overlap with the gate electrode in Embodi- 
ment 10. When a source signal line driver circuit or a 
gate signal line driver circuit Is driven at 10 V or less, it 
is not necessary to worry very much about hot carrier 
injection, and therefore the structure of the TFTs of Em- 
bodiment 10 are effective. 

[0280] Note that, in practice, after completing through 
Fig. 21 B, it is preferable to perform packaging (sealing), 
without exposure to the atmosphere, using a protecting 
film (such as a laminated film and an ultraviolet hard- 
ened resin film) having good airtight characteristics and 
little outgassing, and a transparent sealing material. The 
reliability of the EL element is increased when doing so 
by making an inert atmosphere on the inside of the seal- 
ing material and by arranging a drying agent (for exam- 
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pie, barium oxide) inside tine sealing material. 
[0281] Furthermore, after the airtight characteristics 
have been increased in accordance with the pacl^aging 
process or the like, a connector (flexible printed circuit, 
FPC) is attached in order to connect terminals drawn 
from the elements and circuits formed on the substrate 
with external signal terminals. And the finished product 
is complete. This state at which the product is ready for 
delivery is referred to as an area sensor throughout this 
specification. 

[0282] Note that the present invention is not limited to 
the above stated method of manufacture, and it is pos- 
sible to manufacture using known methods. Further, it 
is possible to freely combine Embodiment 10 with any 
of Embodiments 1 to 4. 

Embodiment 11 

[0283] A portable hand scanner is explained as one 
example of an area sensor of the present invention us- 
ing Figs. 22A and 22B. 

[0284] Fig. 22A is a portable hand scanner, and is 
composed of a main body 901 , a sensor portion 902, a 
top cover 903, an external connection port 904, and op- 
eration switches 905. Fig. 22B is a diagram of the same 
portable hand scanner as in Fig. 22A, but with the top 
cover 903 closed. 

[0285] It is possible to use the area sensor of the 
present invention for displaying an input image in the 
sensor portion 902, and without forming a new electron- 
ic display in the area sensor, the read-in image can be 
verified on the spot. 

[0286] Further, the image signal read in by the area 
sensor 902 can be sent from the external connection 
port 904 to the outside of the portable hand scanner, 
and it becomes possible to perform operations such as 
image correction, synthesis, and editing by using soft- 
ware. 

[0287] Note that it is possible to freely combine Em- 
bodiment 11 with any of Embodiments 1 to 10. 

Embodiment 12 

[0288] A portable hand scanner differing from that of 
Embodiment 1 1 is explained as one example of an area 
sensor of the present invention using Fig. 23. 
[0289] Reference numeral 801 denotes a sensor sub- 
strate, reference numeral 802 denotes a sensor portion, 
reference numeral 803 denotes a touch panel, and ref- 
erence numeral 804 denotes a touch pen. The touch 
panel 803 has light transmitting characteristics, and light 
emitted from the sensor portion 802 and light irradiated 
to the sensor portion 802 can pass through the touch 
panel 803. An image of a subject can be read in through 
the touch panel 803. Further, it is possible to see an im- 
age on the sensor portion 802, through the touch panel 
803, when the image is displayed in the sensor portion 
802. 



[0290] When the touch pen 804 touches the touch 
panel 803, information on the position of the portion at 
which the touch pen 804 contacts the touch panel 803 
can be taken in by the area sensor as an electronic sig- 
5 nal. Regarding the touch panel 803 and the touch pen 
804 used in Embodiment 12, provided that the touch 
panel 803 has light transmitting characteristics, and in- 
formation on the position of the portion at which the 
touch pen 804 contacts the touch panel 803 can be tak- 
10 en in by the area sensor as an electronic signal, known 
touch panels and touch pens can be used. 
[0291] The area sensor of the present invention hav- 
ing the above structure reads in an image and displays 
the image read into the sensor portion 602, and writing 
15 into the read in image can be performed by the touch 
pen 804. The area sensor of the present invention can 
perform reading in of the image, display of the image, 
and writing into the image, all in the sensor portion 802. 
Therefore the size of the area sensor itself can be sup- 
20 pressed, and the area sensor can be made to possess 
many types of functions. 

[0292] Note that it is possible to freely combine Em- 
bodiment 12 with any of Embodiments 1 to 10. 



[0293] An example of a structure of a sensor portion 
of an area sensor which differs from that of Fig. 1 is ex- 
plained in Embodiment 13. 

30 [0294] A circuit diagram of the sensor portion of the 
area sensor of Embodiment 13 is shown in Fig. 25. 
Source signal lines SI to Sx, electric power source sup- 
ply lines V1 to Vx, gate signal lines G1 to Gy, reset gate 
signal lines RG1 to RGy, sensor output wirings SSI to 

35 sSx, and a sensor electric power source line VB are 
formed in a sensor portion 1 001 . 
[0295] The sensor portion 1 001 has a plurality of pix- 
els 1 002. The pixels 1 002 have one of the source signal 
lines SI to Sx, one of the electric power source supply 

40 lines VI to Vx, one of the gate signal lines G1 to Gy, one 
of the reset gate signal lines RG1 to RGy, one of the 
sensor output wirings SSI to SSx, and the sensor elec- 
tric power source line VB. 

[0296] The sensor output wirings SSI toSSxarecon- 
45 nected to constant electric current power supplies 
1 003_1 to 1 003_x, respectively. 

[0297] The pixel 1002 has a switching TFT 1004, an 
EL driver TFT 1005, and an EL element 1006. Further, 
in Fig. 25 a capacitor 1007 is formed in the pixel 1002, 

50 but the capacitor 1 007 need not be formed. In addition, 
the pixel 1 002 has a reset TFT 1 01 0, a buffer TFT 1011, 
a selection TFT 1012, and a photodiode 1 01 3. 
[0298] The EL element 1006 is composed of an an- 
ode, a cathode, and an EL layer formed between the 

55 anode and the cathode. When the anode is connected 
to a source region or a drain region of the EL driver TFT 
1005, the anode becomes a pixel electrode and the 
cathode becomes an opposing electrode. Conversely, 
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when the cathode is connected to a source region or a 
drain region of the EL driver TFT 1005, the anode be- 
comes the opposing electrode and the cathode be- 
comes the pixel electrode. 

[0299] A gate electrode of the switching TFT 1004 is 
connected to the gate signal lines G1 to Gy. One of a 
source region and a drain region of the switching TFT 
1004 is connected to the source signal line S, and the 
other is connected to a gate electrode of the EL driver 
TFT 1005. 

[0300] One of a source region and a drain region of 
the EL driver TFT 1 005 is connected to the electric pow- 
er source supply lines VI, to Vx, and the other is con- 
nected to the EL element 1006. The capacitor 1007 is 
formed connected to the gate electrode of the EL driver 
TFT 1 005 and to the electric power source supply lines 
V1 to Vx. 

[0301] A gate electrode of the reset TFT 1010 is con- 
nected to the reset gate signal lines RG1 to RGx. A 
source region of the reset TFT 1 01 0 is connected to the 
sensor electric power source line VB, and the sensor 
electric power source line VB is always maintained at a 
constant electric potential (standard electric potential). 
Further, a drain region of the reset TFT 1 01 0 is connect- 
ed to the photodiode 1 01 3 and to a gate electrode of the 
buffer TFT 1011. 

[0302] Although not shown in the figure, the photodi- 
ode 1 01 3 has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed between 
the cathode electrode and the anode electrode. The 
drain region of the reset TFT 1 01 0 is connected specif- 
ically to an the anode electrode or the cathode electrode 
of the photodiode 1 013. 

[0303] A drain region of the buffer TFT 1011 is con- 
nected to the sensor electric power source line VB, and 
is always maintained at the standard electric potential. 
A source region of the buffer TFT 1011 is connected to 
a source region or a drain region of the selection TFT 
1012. 

[0304] A gate electrode of the selection TFT 1012 is 
connected to the gate signal lines G1 to Gx. One of a 
source region and a drain region of the selection TFT 
1 01 2 is connected to the source region of the buffer TFT 
1 01 1 , as stated above, and the other is connected to the 
sensor output wirings SSI to SSx. The sensor output 
wirings SSI to SSx are connected to a constant electric 
current power supply 1 003 (the constant electric current 
power supplies 1 003_1 to 1 003_x), and a constant elec- 
tric always flows. 

[0305] The polarity of the switching TFT 1 004 and the 
selection TFT 1012 is the same in Embodiment 13. 
Namely, the selection TFT 1012 is an n-channel TFT 
when the switching TFT 1004 is an n-channel TFT, and 
the selection TFT 1012 is a p-channel TFT when the 
switching TFT 1004 is a p-channel TFT. 
[0306] The gate electrode of the switching TFT 1 004 
and the gate electrode of the switching TFT 1012 are 
both connected to the gate signal lines G1 to Gx with 



the sensor portion of the area sensor of Embodiment 
1 3, differing from the area sensor shown in Fig. 1 . A pe- 
riod during which the EL elements 1006 of each pixel 
emit light Is therefore the same length as the sampling 
5 periods ST1 to STn for the case of the area sensor of 
Embodiment 13. In accordance with the above struc- 
ture, the number of wirings can be made less than for 
the case of Fig. 1 with the area sensor of Embodiment 
13. 

10 [0307] Note that it is also possible to display an image 
in the sensor portion 1001 with the area sensor of Em- 
bodiment 13. 

[0308] It is possible to freely combine the constitution 
of Embodiment 1 3 with any of Embodiments 3 to 12. 

15 

Embodiment 14 

[0309] A detailed structure of the sensor source signal 
line driver circuit 121 and the sensor gate signal linedriv- 
20 ercircuit 123 shown in Fig. 5 is explained in Embodiment 
14. 

[0310] A structure of the sensor source signal line 

driver circuit 121 is shown in Fig. 26A. The sensor 
source signal line driver circuit 121 has a bias circuit 
25 1 21 a, a signal processing circuit 1 21 b, and a signal out- 
put line driver circuit 121c. 

[0311] The bias circuit 121a has a constant electric 
current power supply, and paired with the buffer TFTs 
111 of each pixel, this forms a source follower circuiL A 
30 signal input to each of the sensor output wirings SS is 
sampled, and input to the downstream signal process- 
ing circuit 121b. 

[0312] Circuits such as those for storing once and 
maintaining the input signal, performing analog / digital 

35 conversion, and reducing noise are arranged in the sig- 
nal processing circuit 121b. The signals processed in 
the signal processing circuit 121b are output in order to 
an output amplifier circuit 1 21 d in accordance with a sig- 
nal output from the signal output line driver circuit 121c. 

40 [0313] The output amplifier circuit 121d amplifies the 
signal output from the signal processing circuit 121b. 
The output amplifier circuit 121d is not necessary for a 
case in which the signal is not amplified, but is often in- 
cluded at present. 

45 [031 4] The signal output from the output amplifier cir- 
cuit 1 21 d is taken in by components such as a CPU (not 
shown in the figures). 

[0315] Fig. 26B shows a structure of the sensor gate 
signal line driver circuit 1 23. The sensor gate signal line 

50 driver circuit 1 23 has a selection signal line driver circuit 
1 23a and a reset signal line driver circuit 1 23b. 
[0316] The selection signal line driver circuit 123a in- 
puts, in order to each selection signal line, a signal such 
that each of the selection TFTs 112 having their gate 

55 electrode connected to the selection signal line will turn 
on. Further, the reset signal line driver circuit 123b in- 
puts, in order to each reset gate signal line, a signal such 
that each of the reset TFTs 110 having their gate elec- 
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trode connected to the reset gate signal line will turn on. 
[0317] Note that the sensor source signal line driver 
circuit 121 and the sensor gate signal line driver circuit 
123 shown in Fig. 5 are explained in Embodiment 14, 
but the sensor source signal line driver circuit 131 and 
the sensor gate signal line driver circuit 133 shown in 
Fig. 8 may also have the structure shown by Embodi- 
ment 14. 

[0318] It is possible to implement Embodiment 14 by 
freely combining with any of Embodiments 1 to 13. 
[0319] Irregularities in the brightness of a read in im- 
age do not develop because light is uniformly irradiated 
to a subject in accordance with the above structure of 
the present invention. It is not necessary to form a back 
light and a light scattering plate separately from asensor 
substrate, and therefore it is not necessary to precisely 
regulate the position of the back light, the light scattering 
plate, the sensor substrate, and the subject, differing 
from a conventional example. The mechanical strength 
of the area sensor itself also increases. Furthermore, a 
smaller, thinner, and lighter weight area sensor can be 
realized. 

[0320] It is possible to display an image in a sensor 
portion using EL elements with the area sensor of the 
present invention. Therefore, it is possible to display an 
image, read in by the sensor portion, in the sensor por- 
tion without forming a new electronic display in the area 
sensor, and verification of the read in image can be per- 
formed on the spot. 



Claims 

1 . An adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asen- 
sor substrate, wherein: 

the plurality of pixels have a photodiode, an 
EL element, and a plurality of thin film transistors. 

2. A sensor according to claim 1 , wherein the EL ele- 
ment has an anode, a cathode, and an EL layer 
formed between the anode and the cathode. 

3. A sensor according to claim 1 , wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 
tween the cathode electrode and the anode elec- 
trode. 

4. An adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asub- 
strate, wherein: 

the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, and a selection TFT; 
the switching TFT and the EL driver TFT control 
light emitted from the EL element; 



the light emitted from the EL element is reflect- 
ed on a subject and irradiated to the photodi- 
ode; and 

the photodiode, the reset TFT, the buffer TFT, 

5 and the selection TFT generate an image signal 

from the light irradiated to the photodiode. 

5. A sensor according to claim 4, wherein the EL ele- 
ment has an anode, a cathode, and an EL layer 

10 formed between the anode and the cathode. 

6. A sensor according to claim 4, wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 

15 tween the cathode electrode and the anode elec- 
trode. 

7. An adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on a sub- 

20 strate, wherein: 

the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
25 source signal line; a gate signal line; an electric 

power source supply line for maintaining a con- 
stant electric potential; a reset gate signal line; 
a sensor gate signal line; asensoroutputwiring 
connected to a constant electric current power 
30 supply; and a sensor electric power source line 

for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 
nected to the gate signal line; 
one of a source region and a drain region of the 
35 switching TFT is connected to the source signal 

line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
40 source supply line, and the other is connected 

to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 
a drain region of the reset TFT is connected to 
45 a gate electrode of the buffer TFT and to the 

photodiode; 

a drain region of the buffer TFT is connected to 
the sensor electric power line; 
one of a source region and a drain region of the 
50 selection TFT is connected to the sensor output 

wiring, and the other is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the sensor gate signal line; 
55 light emitted from the EL element is reflected 

on a subject and irradiated to the photodiode; 
and 

an image signal generated from the light irradi- 
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ated to the photodiode is input to tine sensor 
output wiring. 

8. A sensor according to claim 7, wherein the EL ele- 
ment has an anode, a cathode, and an EL layer 5 
formed between the anode and the cathode. 

9. A sensor according to claim 8, wherein the EL driver 
TFT is a p-channel TFT when the anode of the EL 

element is connected to the source region or the io 
drain region of the EL driver TFT. 

10. A sensor according to claim 8, wherein the EL driver 
TFT is a n-channel TFT when the cathode of the EL 
element is connected to the source region or the 15 
drain region of the EL driver TFT. 

11. A sensor according to claim 5, wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 20 
tween the anode electrode and the cathode elec- 
trode. 



12. A sensor according to claim 11, wherein the reset 
TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 
todiode is connected to the drain region of the reset 
TFT 



to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 
a drain region of the reset TFT is connected to 
a gate electrode of the buffer TFT and to the 
photodiode; 

a drain region of the buffer TFT is connected to 
the sensor electric power line; 
one of a source region and a drain region of the 
selection TFT is connected to the sensor output 
wiring, and the other is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the sensor gate signal line; 
the polarity of the switching TFT and selection 
TFT are the same; 

light emitted from the EL element is reflected 
on a subject and irradiated to the photodiode; 
and 

an image signal generated from the light irradi- 
ated to the photodiode is input to the sensor 
output wiring. 

15. A sensor according to claim 14, wherein the EL el- 
25 ement has an anode, a cathode, and an EL layer 

formed between the anode and the cathode. 

16. A sensor according to claim 15, wherein the EL driv- 
er TFT is a p-channel TFT when the anode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 

1 7. A sensor according to claim 1 5, wherein the EL driv- 
er TFT is a n-channel TFT when the cathode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 

18. A sensor according to claim 14 , wherein the pho- 
todiode has a cathode electrode, an anode elec- 
trode, and a photoelectric conversion layer formed 
between the anode electrode and the cathode elec- 
trode. 

19. A sensor according to claim 18, wherein the reset 
TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 
todiode is connected to the drain region of the reset 
TFT 

20. A sensor according to claim 18, wherein the reset 
TFT is a p-channel TFT, and the buffer TFT is an n- 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
reset TFT. 

21. 



13. A sensor according to claim 11 , wherein the reset so 
TFT is a p-channel TFT, and the buffer TFT is an n- 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
reset TFT. 

35 

14. An adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on asub- 
strate, wherein: 

the plurality of pixels have a photodiode, an EL 40 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
source signal line; a gate signal line; an electric 
power source supply line for maintaining a con- 
stant electric potential; a reset gate signal line; ^5 
a sensor gate signal line; a sensor output wiring 
connected to a constant electric current power 
supply; and a sensor electric power source line 
for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 50 
nected to the gate signal line; 
one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 55 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
source supply line, and the other is connected 



An adhesion type area sensor comprising a sensor 
portion, having a plurality of pixels, formed on a sub- 
strate, wherein: 
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24. A sensor according to claim 22, wlierein the EL driv- 
er TFT is a n-cliannel TFT when the cathode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 

5 

25. A sensor according to claim 21 , wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 
tween the anode electrode and the cathode elec- 

10 trode. 

26. A sensor according to claim 125, wherein the reset 
TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 

15 todiode is connected to the drain region of the reset 
TFT. 

27. A sensor according to claim 25, wherein the reset 
TFT is a p-channel TFT, and the buffer TFT is an n- 

20 channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
reset TFT. 



the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
source signal line; a gate signal line; an electric 
power source supply line for maintaining a con- 
stant electric potential; a reset gate signal line; 
a sensor gate signal line; a sensor output wiring 
connected to a constant electric current power 
supply; and a sensor electric power source line 
for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 
nected to the gate signal line; 
one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
source supply line, and the other is connected 
to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 

a drain region of the reset TFT is connected to 
a gate electrode of the buffer TFT and to the 
photodiode; 

a drain region of the buffer TFT is connected to 
the sensor electric power line; 
one of a source region and a drain region of the 
selection TFT is connected to the sensor output 
wiring, and the other is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the sensor gate signal line; 
the reset TFT and the selection TFT are 
switched from an ON state to an OFF state, or 
from an OFF state to an ON state at the same 
time in accordance with the signal input to the 
reset gate signal line and the sensor gate signal 
line; 

one of the reset TFT and the selection TFT is 
in an ON state when the other is in an OFF 

state; 

light emitted from the EL element is reflected 
on a subject and irradiated to the photodiode; 
and 

an image signal generated from the light irradi- 
ated to the photodiode is input to the sensor 
output wiring. 

22. A sensor according to claim 21 , wherein the EL el- 
ement has an anode, a cathode, and an EL layer 
formed between the anode and the cathode. 

23. A sensor according to claim 22, wherein the EL driv- 
er TFT is a p-channel TFT when the anode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 



28. An adhesion type area sensor comprising a sensor 
25 portion, having a plurality of pixels, formed on a sub- 
strate, wherein: 



the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 

30 reset TFT, a buffer TFT, a selection TFT; a 

source signal line; a gate signal line; an electric 
power source supply line for maintaining a con- 
stant electric potential; a reset gate signal line; 
a sensor gate signal line; asensor output wiring 

35 connected to a constant electric current power 

supply; and a sensor electric power source line 
for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 
nected to the gate signal line; 

40 one of a source region and a drain region of the 

switching TFT is connected to the source signal 
line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 
one of a source region and a drain region of the 

45 EL driver TFT is connected to the electric power 

source supply line, and the other is connected 
to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 
50 a drain region of the reset TFT is connected to 

a gate electrode of the buffer TFT and to the 
photodiode; 

a drain region of the buffer TFT is connected to 
the sensor electric power line; 
55 one of a source region and a drain region of the 

selection TFT is connected to the sensor output 
wiring, and the other is connected to a source 
region of the buffer TFT; 
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a gate electrode of the selection TFT is con- 
nected to the gate signal line; 
the polarity of the switching TFT and the selec- 
tion TFT are the same; 

the reset TFT and the selection TFT are 
switched from an ON state to an OFF state, or 
from an OFF state to an ON state at the same 
time in accordance with the signal input to the 
reset gate signal line and the sensor gate signal 
line; 

one of the reset TFT and the selection TFT is 
in an ON state when the other is in an OFF 

state; 

light emitted from the EL element is reflected 
on a subject and irradiated to the photodiode; 
and 

an image signal generated from the light irradi- 
ated to the photodiode is input to the sensor 
output wiring. 

29. A sensor according to claim 28, wherein the EL el- 
ement has an anode, a cathode, and an EL layer 
formed between the anode and the cathode. 

30. A sensor according to claim 29, wherein the EL driv- 
er TFT is a p-channel TFT when the anode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 

31 . A sensor according to claim 29, wherein the EL driv- 
er TFT is a n-channel TFT when the cathode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 

32. A sensor according to claim 28, wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 
tween the anode electrode and the cathode elec- 
trode. 

33. A sensor according to claim 32, wherein the reset 
TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 
todiode is connected to the drain region of the reset 
TFT. 

34. A sensor according to claim 32, wherein the reset 
TFT is a p-channel TFT, and the buffer TFT is an n- 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
reset TFT. 

35. A display device comprising a sensor portion, hav- 
ing a plurality of pixels, formed on a substrate, 
wherein: 

the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 



reset TFT, a buffer TFT, and a selection TFT; 
light emitted from the EL element is controlled 
in accordance with the switching TFT and the 
EL driver TFT; and 

5 the sensor portion displays an image in accord- 

ance with the light emitted from the EL element; 
or the light emitted from the EL element is irra- 
diated to the photodiode by being reflected on 
a subject, and an image signal is generated 

10 from the light irradiated to the photodiode in ac- 

cordance with the photodiode, the reset TFT, 
the buffer TFT, and the selection TFT. 

36. A device according to claim 35, wherein the EL el- 
15 ement has an anode, a cathode, and an EL layer 

formed between the anode and the cathode. 

37. A device according to claim 15, wherein the photo- 
diode has a cathode electrode, an anode electrode, 

20 and a photoelectric conversion layer formed be- 
tween the cathode electrode and the anode elec- 
trode. 

38. A device according to claim 1 5, wherein the display 
25 device has a touch pen and a touch panel. 

39. A display device comprising a sensor portion, hav- 
ing a plurality of pixels, formed on a substrate, 
wherein: 

30 

the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
source signal line; a gate signal line; an electric 

35 power source supply line for maintaining a con- 

stant electric potential; a reset gate signal line; 
a sensor gate signal line; a sensor output wiring 
connected to a constant electric current power 
supply; and a sensor electric power source line 

40 for maintaining a constant electric potential; 

a gate electrode of the switching TFT is con- 
nected to the gate signal line; 
one of a source region and a drain region of the 
switching TFT is connected to the source signal 

45 line, and the other is connected to a gate elec- 

trode of the EL driver TFT; 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
source supply line, and the other is connected 

50 to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 
a drain region of the reset TFT is connected to 
a gate electrode of the buffer TFT and to the 

55 photodiode; 

a drain region of the buffer TFT is connected to 

the sensor electric power line; 

one of a source region and a drain region of the 
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selection TFT is connected to the sensor output 
wiring, and tlie otiier is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the sensor gate signal line; 5 
light emitted from the EL element is controlled 
in accordance with the switching TFT and the 
EL driver TFT; and 

the sensor portion displays an image in accord- 
ance with the light emitted from the EL element; io 
or the light emitted from the EL element is irra- 
diated to the photodiode by being reflected on 
a subject, and an image signal is generated 
from the light irradiated to the photodiode in ac- 
cordance with the photodiode, the reset TFT, ^5 
the buffer TFT, and the selection TFT. 

40. A device according to claim 39, wherein the EL el- 
ement has an anode, a cathode, and an EL layer 
formed between the anode and the cathode. 20 

41 . A device according to claim 40, wherein the EL driv- 
er TFT is a p-channel TFT when the anode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 25 

42. A device according to claim 40, wherein the EL driv- 
er TFT is a n-channel TFT when the cathode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. so 

43. A device according to claim 39, wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 
tween the anode electrode and the cathode elec- 35 
trode. 

44. A device according to claim 43, wherein the reset 

TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 40 
todiode is connected to the drain region of the reset 
TFT 

45. A device according to claim 43, wherein the reset 
TFT is an p-channel TFT, and the buffer TFT is a n- ^5 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 

reset TFT 



46. A display device comprising a sensor portion, hav- 
ing a plurality of pixels, formed on a substrate, 
wherein: 

the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
source signal line; a gate signal line; an electric 
power source supply line for maintaining a con- 



stant electric potential; a reset gate signal line; 
a sensor gate signal line; asensoroutputwiring 
connected to a constant electric current power 
supply; and a sensor electric power source line 
for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 
nected to the gate signal line; 
one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
source supply line, and the other is connected 
to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 
a drain region of the reset TFT is connected to 
a gate electrode of the buffer TFT and to the 
photodiode; 

a drain region of the buffer TFT is connected to 
the sensor electric power line; 
one of a source region and a drain region of the 
selection TFT is connected to the sensor output 
wiring, and the other is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the sensor gate signal line; 
the reset TFT and the selection TFT are 
switched from an ON state to an OFF state, or 
from an OFF state to an ON state at the same 
time in accordance with the signal input to the 
reset gate signal line and the sensor gate signal 
line; 

one of the reset TFT and the selection TFT is 
in an ON state when the other is in an OFF 
state; 

light emitted from the EL element is controlled 
in accordance with the switching TFT and the 
EL driver TFT; and 

the sensor portion displays an image in accord- 
ance with the light emitted from the EL element; 
or the light emitted from the EL element is irra- 
diated to the photodiode by being reflected by 
a subject, and an image signal is generated 
from the light irradiated to the photodiode in ac- 
cordance with the photodiode, the reset TFT, 
the buffer TFT, and the selection TFT. 

50 47. A device according to claim 46, wherein the EL el- 
ement has an anode, a cathode, and an EL layer 
formed between the anode and the cathode. 

48. A device according to claim 47, wherein the EL driv- 
55 er TFT is a p-channel TFT when the anode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 
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49. A device according to claim 47, wherein the EL driv- 
er TFT is a n-channel TFT when the cathode of the 
EL element is connected to the source region or the 
drain region of the EL driver TFT. 

5 

50. A device according to claim 46, wherein the photo- 
diode has a cathode electrode, an anode electrode, 
and a photoelectric conversion layer formed be- 
tween the anode electrode and the cathode elec- 
trode. 10 

51. A device according to claim 50, wherein the reset 

TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 
todiode is connected to the drain region of the reset ^5 
TFT 

52. A device according to claim 50, wherein the reset 



TFT is an p-channel TFT, and the buffer TFT is a n- 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
reset TFT. 

53. A device according to claim 46, wherein the display 
device has a touch pen and a touch panel. 

54. A display device comprising a sensor portion, hav- 
ing a plurality of pixels, formed on a sensor sub- 
strate, wherein: 

the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
source signal line; a gate signal line; an electric 
power source supply line for maintaining a con- 
stant electric potential; a reset gate signal line; 
asensor gate signal line; asensor output wiring 
connected to a constant electric current power 
supply; and a sensor electric power source line 
for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 
nected to the gate signal line; 
one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
source supply line, and the other is connected 
to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 
a drain region of the reset TFT is connected to 
a gate electrode of the buffer TFT and to the 
photodiode; 

a drain region of the buffer TFT is connected to 

the sensor electric power source line; 

one of a source region and a drain region of the 



selection TFT is connected to the sensor output 
wiring, and the other is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the gate signal line; 
the polarity of the switching TFT and the selec- 
tion TFT are the same; 

light emitted from the EL element is controlled 
in accordance with the switching TFT and the 
EL driver TFT; and 

the sensor portion displays an image in accord- 
ance with the light emitted from the EL element; 
or the light emitted from the EL element is irra- 
diated to the photodiode by being reflected by 
a subject, and an image signal is generated 
from the light irradiated to the photodiode in ac- 
cordance with the photodiode, the reset TFT, 
the buffer TFT, and the selection TFT. 

20 55. A device according to claim 54, wherein the EL el- 
ement has an anode, a cathode, and an EL layer 
formed between the anode and the cathode. 

56. A device according to claim 55, wherein the EL driv- 
es er TFT is a p-channel TFT when the anode of the 

EL element is connected to the source region or the 
drain region of the EL driver TFT. 

57. A device according to claim 55, wherein the EL driv- 
30 er TFT is a n-channel TFT when the cathode of the 

EL element is connected to the source region or the 
drain region of the EL driver TFT. 

58. A device according to claim 54, wherein the photo- 
35 diode has a cathode electrode, an anode electrode, 

and a photoelectric conversion layer formed be- 
tween the anode electrode and the cathode elec- 
trode. 

40 59. A device according to claim 58, wherein the reset 
TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 
todiode is connected to the drain region of the reset 
TFT. 

45 

60. A device according to claim 58, wherein the reset 

TFT is an p-channel TFT, and the buffer TFT is a n- 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
50 reset TFT. 

61 . A device according to claim 54, wherein the display 
device has a touch pen and a touch panel. 

55 62. A display device comprising a sensor portion, hav- 
ing a plurality of pixels, formed on a sensor sub- 
strate, wherein: 
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the plurality of pixels have a photodiode, an EL 
element, a switching TFT, an EL driver TFT, a 
reset TFT, a buffer TFT, a selection TFT; a 
source signal line; a gate signal line; an electric 
power source supply line for maintaining a con- 
stant electric potential; a reset gate signal line; 
a sensor gate signal line; a sensor output wiring 
connected to a constant electric current power 
supply; and a sensor electric power source line 
for maintaining a constant electric potential; 
a gate electrode of the switching TFT is con- 
nected to the gate signal line; 
one of a source region and a drain region of the 
switching TFT is connected to the source signal 
line, and the other is connected to a gate elec- 
trode of the EL driver TFT; 
one of a source region and a drain region of the 
EL driver TFT is connected to the electric power 
source supply line, and the other is connected 
to the EL element; 

a source region of the reset TFT is connected 
to the sensor electric power source line; 

a drain region of the reset TFT is connected to 
a gate electrode of the buffer TFT and to the 
photodiode; 

a drain region of the buffer TFT is connected to 
the sensor electric power source line; 
one of a source region and a drain region of the 
selection TFT is connected to the sensor output 
wiring, and the other is connected to a source 
region of the buffer TFT; 
a gate electrode of the selection TFT is con- 
nected to the gate signal line; 
the polarity of the switching TFT and the selec- 
tion TFT are the same; 

the reset TFT and the selection TFT are 
switched from an ON state to an OFF state, or 
from an OFF state to an ON state at the same 
time in accordance with the signal input to the 
reset gate signal line and the sensorgate signal 
line; 

one of the reset TFT and the selection TFT is 
in an ON state when the other is in an OFF 

state; 

light emitted from the EL element is controlled 
in accordance with the switching TFT and the 

EL driver TFT; and 

the sensor portion displays an image in accord- 
ance with the light emitted from the EL element; 
or the light emitted from the EL element is irra- 
diated to the photodiode by being reflected by 
a subject, and an image signal is generated 
from the light irradiated to the photodiode in ac- 
cordance with the photodiode, the reset TFT, 
the buffer TFT, and the selection TFT. 

63. A device according to claim 62, wherein the EL el- 
ement has an anode, a cathode, and an EL layer 



formed between the anode and the cathode. 

64. A device according to claim 63, wherein the EL driv- 
er TFT is a p-channel TFT when the anode of the 

5 EL element is connected to the source region or the 

drain region of the EL driver TFT 

65. A device according to claim 63, wherein the EL driv- 
er TFT is a n-channel TFT when the cathode of the 

10 EL element is connected to the source region or the 
drain region of the EL driver TFT. 

66. A device according to claim 62, wherein the photo- 
diode has a cathode electrode, an anode electrode, 

15 and a photoelectric conversion layer formed be- 
tween the anode electrode and the cathode elec- 
trode. 

67. A device according to claim 66, wherein the reset 
TFT is an n-channel TFT, and the buffer TFT is a p- 
channel TFT, when the anode electrode of the pho- 
todiode is connected to the drain region of the reset 
TFT. 

68. A device according to claim 66, wherein the reset 

TFT is an p-channel TFT, and the buffer TFT is a n- 
channel TFT, when the cathode electrode of the 
photodiode is connected to the drain region of the 
reset TFT. 

69. A device according to claim 62, wherein the display 
device has a touch pen and a touch panel. 
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